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CIRCULAR  CURVES 

Most  of  the  curve  tables  contained  in  this  book  were  designed  specifically  for  use  on  curves 
of  even  radius.  Curves  of  any  odd  radius,  including  even  degree  curves,  may  be  computed 
by  use  of  these  tables  along  with  the  curve  formulas  given  below.  However,  such  computa- 
tions are  laborious  and  very  time  consuming  when  done  in  the  field.  For  this  reason,  the  use 
of  a  highway  curve  book  that  contains  tables  of  functions  of  a  one-degree  curve  is  recom- 
mended for  computing  curves  designated  in  even  degrees  or  in  degrees  and  minutes. 
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Figure  1 


Nomenclature 
R  =  Radius  =  OA  =  0B=  OG 
Z>  =  Degree  of  curve  =  the  angle  sub- 
tended by  an  arc  of  100  feet 
L  =  Length  of  curve =AGB 
Z/C=Long  chord  =AZB 
T=  Tangent  distance  =AV=  B\ ' 
E=  External  distance  =  GV 
M= Middle  ordinate  =  GZ 
A  =  Central  angle  =  PI  angle 
VA  B = Total  deflection  angle  =  H  AOB=*AA 

C=  Any  short  chord  as  AX 
VAX=y2  A  OX=  Deflect  ion  angle  for  C 


Formulas 


R  exsec  M  A 


D  =5729.58 
R 

Z/  =  100  A 
D 

Lc=2R  sin  Yi  A 
T=.R  tan  yt  A 
#=_JR_-i?  = 

COS  H  A 

M=.R  (l-cos  Yi  A)  =i?  vers  A 
Sin  Vi  AOB=AB 
2R 

Sin  def.  angle  FAA^C 

Dcf.  for  1  foot=def.  angle  for  chord 
chord  length 
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Figure  2 

PARABOLIC  CURVE  BY  OFFSETS  FROM  TANGENTS 

(For  curves  of  less  than  45°  central  angle  results  are  sufficiently  close  to  a  circular  curve) 

1.  Establish  PI. 

2.  Set  stakes  at  a,  b,  c,  d,  e,f,  g,  h,  and  i  in  order  named.  The  distances  between  these  stakes 
to  be  equal. 

3.  Sight  between  c  and  g  to  establish  j  which  should  be  approximately  equidistant  between 
c  and  g.  Point  j  is  now  the  midpoint  of  the  curve. 

4.  Measure  the  external  aj=E. 

5.  Offset  stakes  d,  c,  b,  f,  g,  and  h  to  d! ,  c',  b',  f,  g',  and  h',  respectively.  The  amount  of 
offset  will  be  as  follows: 

dd'  and  hh'=116  E 
cc'  and  gg'=}iE 
bb'  and  ff'=yinE 

When  the  tangent  distance,  PC  to  P7is  less  than  200  feet  points  d,  b,f,  and  h  may  be  omitted 
if  desired,  leaving  only  c  and  g  midway  between  PC— PI  and  PI—PT,  respectively.  Points 
c  and  g  should  then  be  offset  a  distance  of     E  to  c'  and  g' ,  respectively. 

If  it  is  desired  to  place  stakes  at  other  than  the  above  points  along  the  tangent,  the  proper 
offset  can  be  computed  by  the  following  formula: 

_    _  /Distance  from  PC  to  points 2 
unset- ^  Distance  fr0II1  pc  t0  pi  )  Xi^ 

For  points  between  PI  and  PT  the  above  formula  will  apply  by  substituting  PT  for  PC. 
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LAYING  OUT  A  CURVE  BY  TANGENT  OFFSETS 

Formula  for  tangent  offset  =  Radius-  V Radius2 -tangent  distance2  =  0T- yjO T*-  TD* 


Figure  3 

To  lay  out  a  curve  by  use  of  tangent  offset  tables: 

Set  stakes  on  tangents  at  distances  from  the  PC  and  PT  equal  to  tenths  of  the  curve  radius. 
Offset  these  stakes  at  right  angles  to  the  tangent  by  the  amount  indicated  in  table  I. 
Example. — See  figure  3. 

Curve  radius=300  feet.  Set  stakes  at  30-foot  intervals  along  the  tangent  from  PC  and  PT. 
Station  80+40  is  30  feet  or  0.1  radius  from  PC;  80+70  is  60  feet  or  0.2  radius;  81+00  is  0.3  radius 
from  PC,  etc. 

In  table  1  opposite  radius  300  find  the  offset  for  80+40  under  tangent  distance  of  0.1  radius. 
This  is  1.50  feet.  The  offset  of  6.06  for  station  80+70  is  found  under  tangent  distance  of  0.2 
radius,  and  13.82  feet  offset  under  0.3  radius  for  station  81+00. 
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Table  1.— TANGENT   OFFSETS  FOR  CURVES,  RADII  40  TO 

4,000  FEET 

f  From  PC  or  PT  toward  PI  in  tenths  of  radius  distance] 


Tangent  distance  in  decimals  of  radius 


— 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

40 

0.  20 

0. 81 

1.  84 

3. 34 

5. 36 

■ 

8. 00 

11.  43 

16. 00 

22. 56 

50 

.  25 

1. 01 

2. 30 

4. 17 

6.  70 

10. 00 

14*  30 

20. 00 

28!  21 

60 

30 

1. 21 

2.  76 

5. 01 

8. 04 

12. 00 

17. 15 

24. 00 

33. 85 

70 

.  35 

l!  41 

3.  22 

5!  84 

9. 38 

14. 00 

20. 01 

28. 00 

39.  49 

80 

'.  40 

1.  62 

3.  68 

6. 68 

10. 72 

16. 00 

22. 87 

32.00 

45. 13 

90 

.  45 

1. 82 

4. 15 

7.  51 

12. 06 

18.00 

25. 73 

36. 00 

50!  77 

100 

.  50 

2. 02 

4.  61 

8. 35 

13. 40 

20. 00 

28. 59 

40. 00 

50!  41 

110 

.  55 

2.  22 

5. 07 

9. 18 

14.  74 

22. 00 

31. 45 

44. 00 

62. 05 

120 

.  60 

2  .  43 

5.  53 

10. 02 

16. 08 

24. 00 

34*31 

48. 00 

67!  69 

130 

.  65 

2. 63 

5. 99 

10.  85 

17!  42 

26. 00 

37. 17 

52!  00 

72. 33 

140 

.  70 

2  .  83 

6. 45 

11. 69 

18.  76 

28. 00 

40. 03 

56. 00 

78. 97 

150 

.  75 

3.03 

6. 91 

12.  52 

20. 10 

30. 00 

42!  89 

60.00 

84!  62 

160 

80 

3.  23 

7. 37 

13. 36 

21. 44 

32. 00 

45.  74 

64.00 

90. 26 

170 

.  85 

3. 44 

7.  83 

14. 19 

22.  78 

34.  00 

48!  60 

68!  00 

95!  90 

180 

.  90 

3  54 

8.  29 

15. 03 

24. 12 

36. 00 

51. 46 

72. 00 

101. 54 

190  

.  95 

3. 84 

8.  75 

15!  86 

25. 46 

38. 00 

54. 32 

76. 00 

107! 18 

200 

1. 00 

4. 04 

9. 21 

16.  70 

26. 80 

40. 00 

57!  18 

80. 00 

112! 82 

210 

1. 05 

4!  24 

9.  67 

17. 53 

28. 14 

42. 00 

60. 04 

84. 00 

118!  46 

oon 

ZZU  

1. 10 

4.  45 

10. 13 

18. 37 

29.  48 

44. 00 

no  nn 

88. 00 

iO/(  in 
1Z4.  1U 

230   

1.15 

4.  65 

10.59 

19.20 

30.  82 

46.00 

65.  76 

92. 00 

129. 74 

240  

1.20 

4.  85 

11.05 

20.03 

32.16 

48.00 

CQ  AO 
DO.  Ol 

96. 00 

lor  00 

loo.  00 

250  

1.25 

5.05 

11.52 

20.87 

33.  50 

50.00 

71. 48 

100. 00 

141. 03 

275  —   .  _ .  ... 

1.38 

5.  56 

12.  67 

22. 96 

36.  85 

55.00 

78.  62 

110. 00 

100. Id 

300         .  .  .  . 

1.50 

6.06 

13.82 

25. 04 

40.  20 

60.00 

OO.  /  / 

1  on  nn 

1  AO  O^J 

loy.  16 

325  .   

1.63 

6.  57 

14.97 

27. 13 

43.55 

65.00 

92.  92 

130.  00 

183. 33 

350    . 

1.75 

7.07 

16.12 

29.  22 

46.90 

70.00 

100. 01 

1  An  nn 

1  n?  a  a 

375   

1.88 

7.575 

17.  27 

31.31 

50.  25 

75.00 

107.  21 

150.  00 

211.  54 

400   

2.00 

8.08 

18.  42 

33.39 

53.60 

80.00 

114. 36 

160. 00 

110.  04 

4Z0     _  . .  .  _ 

2. 13 

8.  585 

19.  58 

35.  48 

56.  95 

85.00 

450   

2.  25 
2.38 
2.  50 
2.  75 
3.00 
3.25 
3.50 
3.75 
4.00 
4. 25 
4.50 
4.  75 
5.00 

9.09 
9.  60 
10.11 
11.12 
12. 13 
13. 14 
14. 15 
15. 16 
16.17 
17.18 
18. 19 
19.20 
20. 21 

20.  73 
21.88 
23.03 
25. 33 
27. 64 
29. 94 
32. 24 
34.  54 
36.  85 
39.15 
41.45 
43.  76 
46. 06 

37.  57 
39.  65 
41.74 
45. 91 
50. 09 
54.  26 
58. 44 
62.  61 
66.  78 
70. 96 
75. 13 
79.31 
83.48 

60.30 
63.65 
67.00 
73.  70 
80.40 
87. 10 
93.80 
10. 05 
10.  72 
11.39 
12. 06 
12.  73 
13.40 

90.00 
95. 00 
100.00 
110.00 
120.00 
130.00 
140. 00 
150. 00 
160. 00 
170. 00 
180. 00 
190.00 
200.00 

475   

500     

550  

600  

650  

700  

750  

800  

850  

900  

950  

1,000  

Factor  

0.005 

0. 0202 

0. 0461 

0.0835 

0. 1340 

0.2000 

0. 2859 

0.4000 

0. 5641 
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Table   1.— TANGENT  OFFSETS  FOR  CURVES,   RADII  40  TO 
4,000  FEET— Continued 

[From  PC  or  PT  toward  PI  in  tenths  of  radius  distance] 


Tangent  distance  in  decimals  of  radius 


0.05       0.10       0.15       0.20       0.25       0.30       0.35       0.40  0.45 


1.25 
1.38 
1.50 
1.63 
1.75 
1.88 
2. 00 
2. 13 
2.  25 
2.38 
2.  50 
2.  63 
2.  75 

2.  88 
3.00 
3. 13 
3.25 
3.38 

3.  50 
3.63 
3.75 
3.88 
4. 00 
4.13 
4.25 
4.38 

4.  50 
4.63 
4.  75 

4.  88 

5.  00 


0.  00125 


5.  00 

5.  50 

6.  00 

6.  50 
7. 00 

7.  50 
8. 00 

8.  50 
9. 00 

9.  50 
10.00 
10.  50 
11.00 
11.50 
12. 00 
12.  50 
13.00 
13.50 
14.00 
14.50 
15. 00 

15.  50 
16.00 

16.  50 
17. 00 

17.  50 

18.  00 

18.  50 

19.  00 
19.50 
20. 00 


0. 00500 


11.32 
12.45 
13.  58 
14.72 

15.  85 

16.  98 
18.11 
19.  24 
20. 38 
21.51 
22.64 
23.77 
24.  90 
26.04 
27. 17 
28. 30 
29. 43 
30.  56 
31.70 
32.83 
33.96 
35. 09 
36. 22 

37.  36 

38.  49 

39.  62 

40.  75 
41.88 
43.02 
44.15 
45.  28 


0. 1132 


20.  20 
22.  22 
24.  24 
26.  26 
28.  28 
30.  30 
32.  32 
34.34 
36. 36 
38.  38 
40.  40 
42.  42 
44.  44 
46.  46 
48.  48 
50.  50 
52.  52 
54.54 
56.  56 
58.  58 
60.  60 
62.  62 
64.  64 
66.  66 
68. 68 
70.  70 
72.  72 
74.74 
76.  76 
78.  78 


0. 02020 


31.75 
34.  93 
38. 10 
41.28 
44. 45 
47. 63 
50.  80 
53.98 
57.15 
60.  33 
63.  50 
66.68 
69.  85 
73.03 
76.  20 
79. 38 
82.  55 
85.  73 
88.  90 
92.08 
95.25 
98. 43 
101. 60 
104. 78 
107.  95 
111.13 
114. 30 
117.  48 
120.  65 
123.  83 
127.  00 


46. 07 
50.68 
55.  28 
59.89 
64.  50 
69.11 
73.  71 
78.  32 
82. 93 
87.  53 
92. 14 
96.  75 
101.35 
105. 96 
110.  57 
115. 18 
119. 78 
124. 39 
129. 00 
133. 60 
138. 21 


0.03175  0.04607 


63.25 
69.  58 
75.  90 
82.  23 
88.  55 
94.88 
101.20 
107.  53 
113.85 
120. 18 
126.50 


0. 06325 


83.48 
91.83 
100. 18 
108. 52 
116.  87 
125.  22 
133. 57 
141.92 
150.  26 
158.  61 
166.  96 


0. 08348 


0. 10697 


To  find  the  tangent  offset  for  curves  of  any  radius  not  given  in  the  above  table,  take  the 
"factor"  for  the  proper  tangent  distance  and  multiply  this  factor  by  the  radius. 

EXAMPLE. — Required  tangent  offset  for  1,215-foot  radius  curve  at  a  tangent  distance  of 
0.35  of  the  radius.  From  table  opposite  "factor"  under  column  headed  "0.35"  find  0.06325; 
multiply  bv  1,215.  Tangent  offset=0.06325Xl,215=76.84  feet. 
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LAYING  OUT  A  CURVE  BY  MIDDLE  ORDINATES 

Extend  the  tangent  beyond  the  PC  of  the  curve  one-half  of  the  selected  chord  length.  Find 
the  middle  ordinate  from  table  2  for  the  proper  radius  and  the  full  chord  length.  Lay  off 
YC  perpendicular  to  the  tangent  equal  to  the  middle  ordinate.  C  is  a  point  on  the  curve 
Lay  off  CK  equal  to  the  middle  ordinate  and  BK  equal  to  one-half  of  the  chord.  Extend 
BK  to  D  with  KD  equal  to  one-half  the  chord.  D  is  a  point  on  the  curve.  Lay  off  DL  equal 
to  CK  and  project  CL  to  E.  Locate  succeeding  points  on  the  curve  in  the  same  manner  to  the 
PT. 

From  H  the  middle  ordinate  distance  should  also  be  set  off  on  the  outside  of  the  curve  to 
locate  point  X  at  one-half  the  chord  length  from  J,  which  is  necessary  to  establish  the  direction 
of  the  tangent  through  the  PT. 


E  F 


R  (  I  -  cos  Vze) 

MIDDLE    ORDINATE  DIAGRAM 


Figure  4 
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Table  2.— MIDDLE  ORDINATES 


Chord  length  in  feet 


20 

25 

30 

40 

50 

60 

70 

80 

90 

1.27 

2.  00 

2.  92 

5. 36 

8.  78 

13.54 

20.64 

1. 13 

1.77 

2.  57 

4.69 

7.  58 

11.45 

16.71 

24.39 

1.01 

1.59 

2  32 

4. 18 

6.  70 

10.  00 

14.28 

20.  00 

28.20 

.92 

1.44 

2.  08 

3. 77 

6.  01 

8.90 

12.  57 

17.24 

23.  38 

.84 

1.31 

1.91 

3.43 

5.45 

8.  04 

11.27 

15. 27 

20.31 

.78 

1.21 

1.75 

3.15 

5.00 

7. 33 

10.  23 

13.  77 

18. 10 

.72 

1. 13 

1.63 

2.  92 

4.62 

6.  75 

9.  38 

12.  56 

16.  39 

.68 

1.05 

1.51 

2.  73 

4.29 

6.  26 

8.66 

11.56 

15.  00 

.63 

.98 

1.42 

2.  52 

4.01 

5.83 

8.07 

10.  72 

13.  86 

.60 

.93 

1.33 

2.  39 

3.  76 

5. 47 

7.  54 

10.  00 

12. 89 

.56 

.87 

1.26 

2.  25 

3.  54 

5. 14 

7.  08 

9.  37 

12.06 

.50 

.78 

1. 12 

2.02 

3. 18 

4.61 

6.  33 

8.  35 

10.  70 

.46 

.71 

1.03 

1.83 

2. 88 

4. 18 

5.  72 

7.  53 

9. 63 

.42 

.65 

.94 

1.68 

2.  63 

3.  81 

5.21 

6.  86 

8.  76 

.39 

.60 

.87 

1.55 

2.43 

3.51 

4.  79 

6.  31 

8.  04 

.36 

.56 

.81 

1.44 

2.  25 

3. 25 

4.  45 

5.  86 

7.43 

.33 

.52 

.75 

1.34 

2. 10 

3.03 

4.14 

5.43 

6.90 

.31 

.49 

.71 

1.26 

1.96 

2.84 

3.87 

5.  08 

6.  46 

.29 

.46 

.66 

1.18 

1.85 

2. 67 

3.64 

4.76 

6.06 

.28 

.44 

.63 

1.12 

1.74 

2.  52 

3.44 

4.50 

5.  72 

.26 

.41 

.59 

1.06 

1.65 

2.  38 

3.  25 

4.26 

5.41 

.25 

.39 

.56 

1.00 

1.56 

2.  27 

3.09 

4.04 

5. 13 

.24 

.37 

.54 

.96 

1.49 

2. 16 

2.  94 

3.85 

4.87 

.23 

.36 

.51 

.92 

1.43 

2.  06 

2.81 

3.68 

4.66 

.22 

.34 

49 

.87 

1.37 

1.96 

2.68 

3.  51 

4.45 

.21 

.33 

.47 

.84 

1.31 

1.89 

2.  57 

3.36 

4.25 

.20 

.31 

.45 

.80 

1.25 

1.81 

2.  46 

3.21 

4.08 

.18 

.28 

.41 

.73 

1. 14 

1.64 

2.  24 

2.  93 

3.71 

.17 

.25 

.38 

.68 

1.05 

1.51 

2.08 

2.  68 

3.  39 

.  16 

.24 

.35 

.62 

.97 

1.39 

1.89 

2.47 

3.12 

.14 

.22 

.32 

.58 

.90 

1.29 

1.74 

2.  30 

2.  90 

.13 

.21 

.30 

.53 

.83 

1.20 

1.63 

2. 14 

2.71 

.12 

.19 

.28 

.50 

.78 

1.13 

1.54 

2.  02 

2.  55 

.12 

.  18 

.26 

.47 

.74 

1.06 

1.44 

1.89 

2.  39 

.11 

.17 

.25 

.45 

.69 

1.00 

1.37 

1.78 

2.25 

.  11 

.  17 

.24 

.42 

.66 

.95 

1.30 

1.69 

2. 13 

.10 

.16 

.22 

.41 

.62 

.89 

1.23 

1.60 

2.  03 

.09 

.14 

.20 

.36 

.57 

.82 

1.12 

1.45 

1.84 

.08 

.13 

.19 

.33 

.52 

.75 

1.03 

1.34 

1.69 

.08 

.12 

.  17 

.31 

.48 

.70 

.94 

1.24 

1.56 

.07 

.12 

.16 

.29 

.45 

.64 

.87 

1.14 

1.45 

.07 

.10 

.15 

.27 

.42 

.61 

.82 

1.07 

1.35 

.06 

.  10 

.  14 

.25 

.39 

.56 

.  77 

1.00 

1.27 

.06 

.09 

.  13 

.24 

.37 

.53 

.72 

.95 

1.19 

.05 

.09 

.  13 

.22 

.35 

.50 

.68 

.89 

1.13 

.05 

.08 

.12 

.21 

.33 

.47 

.64 

.85 

1.07 

.05 

.08 

.  11 

.20 

.31 

.45 

.61 

.82 

1.02 

.  05 

.07 

.  10 

.  18 

.28 

.41 

.56 

.74 

.92 

.04 

.07 

.10 

.17 

.26 

.38 

.51 

.67 

.84 

.04 

.06 

.09 

.16 

.24 

.35 

.47 

.62 

.78 

.04 

.06 

.08 

.14 

.22 

.32 

.44 

.57 

.73 

.03 

.05 

.08 

.13 

.21 

.30 

.41 

.53 

.68 

.03 

.05 

.07 

.13 

.20 

.28 

.38 

.50 

.64 

.03 

.05 

.07 

.12 

.18 

.26 

.30 

.47 

.60 

.03 

.04 

.06 

.  11 

.17 

.25 

.34 

.44 

.56 

100 
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DETERMINING  THE  RADIUS  OF  AN  EXISTING  CURVE 




k  

L  Q  > 

Figure  5 


Take  a  convenient  known  length  of  tape  and  extend  it  between  two  points  of  the  curve. 
At  ihs  midpoint  of  the  chord  formed,  measure  the  middle  ordinate  distance  to  the  curve. 


Then: 
or 


C=  chord  length 

R=cysM 

(45,840)  (Af) 


M= middle  ordinate 


D 


These  relationships  are  approximate  and  hold  closest  when  the  chord  distance  used  is  small 
in  comparison  to  the  radius.  The  following  shows  the  range  of  errors  in  calculations. 

Error 

C/R  (percent) 
1/1  6.4 
1/2  1.6 
1/4  .4 
1/10  .1 
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LAYING  OUT  A  CURVE  WITH  AN  ENGINEER'S  TRANSIT- 
RADIUS  BASIS 


Refer  to  figure  6. 

Required  to  lay  out  a  curve  between  tangents  having  a  PI  angle  of  37°10',  also  that  the 
external  distance  be  approximately  30  ft.  From  table  3  tangents  and  externals  for  curves  of 
radius  =  1 , under  "Central  angle"  37°10'  find  0.05501  for  a  radius  =  l.  By  approximation  note 
that  500X0.055=27.5  and  that  550X0.05501=30.26.  Therefore  a  550-foot  radius  curve  will 
give  an  external  distance  of  30.26  ft.  and  will  be  adopted. 


O 


N         o  O  O  5 


Figure  6 

Tangent  distance  (from  same  table)  will  be  0.33621X550' =  184.92  feet.  First,  in  staking  out 
curve  transit  should  be  set  up  at  PI  and  this  distance  measured  back  (from  PI)  on  each 
tangent,  establishing  the  PC  and  PTot  the  curve. 

From  lengths  of  circular  arcs  R  =  1 
Under  37°  find  0.64577 
Under  10' find  .00291 


Length  of  curve  =  .64868X550=356.77  feet. 
Establish  stationing  of  curve  as  follows: 


PI  station       21+0.00 

Tangent  distance   -1+84.92 

PC  station       19+15. 08 

Curve  length      +3+56. 77 

PT  station      22+71.85 
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From  table  5,  deflection  angles  for  curves,  under  radius  of  550'  find- 


Arc  length 
50' 


Chord  length 
49.88 


Deflection 
2°36.26' 


Deflection  per  foot 
3. 125' 


To  "get  on"  an  even  50'  station  the  first  chord  will  have  to  be  19+50—  19-f-15. 08  station  of 
PC=  34.92'.  Since  this  subchord  is  more  than  half  of  the  chord  length,  it  will  be  more  correct 
to  subtract  the  deflection  for  15.08  feet  from  the  deflection  for  1  chord— i.e.,  15.08X3.125=  47.125' 
2°  36.26'  deflection  1— chord,  length     49.98  arc  length  50.00 
-47.125'  deflection  difference  length  -15.08  arc  length  -15.08 


1°  49.135'  deflection  for  subchord  length  34.90  ft.  arc  length  34.92  ft. 


Transit  at— 


Station 
Station 
Station 
Station 
Station 
Station 
Station 
Station 


19+15.08. 
19+15.08. 
19+15.  08 
19+15.08. 
19+15.08. 
19+15.08. 
19+15.08. 
19+15.08. 


Back- 
sight 


PI 
PI 
PI 
PI 
PI 
PI 
PI 
PI 


Foresight 


19+50 
20+00 
20+50 
21+00 
21+50 
22+00 
22+50 
22+71.  85 


Deflection 


1°  49.135' 
+2°  36.26' 

4°  25.395' 
+2°  36.  26' 

7°  01.655' 
+2°  36.26' 

9°  37.915' 
+2°  36.26' 

12°  14.175 
+2°  36.26' 
14°  50.435' 
+2°  36.26' 
17°  26.695' 
+1°  08.28' 
18°  34.975' 


Chord 
length 


34.90 
49. 98 
49. 98 
49.  98 
49.  98 
49. 98 
49. 98 
21.  85 


Arc 
length 


34. 92 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
21.  85 


From  22+50  to  22+71.85  will  require  a  deflection  of  3.125X21.85=  68.28'  or  1°  08.28'  and  the 
chord  will  be  21.85,  since  it  is  less  than  half  a  chord  the  arc  length  will  be  considered  the  same, 
21.85. 

The  total  deflection  should  be  one-half  of  the  central  angle  one-half  of  37°  10'=  18°  35'. 
This  is  an  important  check  on  any  curve  deflection  computation.  The  error  of  0.025'  equal  to 
\]4  seconds  is  unimportant. 

Assume  that  it  is  impossible  to  see  from  PC  to  station  21+50:  Move  transit  up  to  station 
21+00.  Set  vernier  plates  on  0°  backsight  on  PC,  plunge  telescope  and  turn  transit  until 
vernier  reading  is  12°  14'.  Set  station  21+50  on  line,  49.98'  from  station  21+00.  Stations  22, 
22+50,  and  PT  22+71.85  can  be  set  from  station  21+00  by  turning  to  their  corresponding 
deflection  and  measuring  the  indicated  chord  distance  from  the  previous  point. 

Note.— The  above  example  is  carried  out  to  extreme  accuracy  for  purposes  of  illustration. 
However,  the  accuracy  of  the  work  will  depend  on  the  class  of  survey  underway.  On  the  most 
accurate  surveys,  angles  will  be  read  to  the  nearest  minute  and  distances  measured  to  the 
nearest  hundredth  of  a  foot. 
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LAYING  OUT  A  CURVE  WITH  AN  ENGINEER'S  TRANSIT- 
DEGREE  BASIS 

See  figure  6. 

PI  angle =37°10',  and  required  to  have  an  external  distance  of  approximately  30  ft. 
From  a  table  of  one-degree  curve  functions, 
For  A=37°10', 
External =315.2  Tangent  =  1,926.4 

(If  no  table  of  one-degree  curve  functions  is  available,  multiply  the  R  =  l  values  by  5729.58. 
Thus: 

External =(.05501)  (5729.6)=  315.2 
Tangent  =  (.33621)  (5729.6)  =1926.4) 

315  2 

D  =  -7^  =  10.507°  for  a  30-foot  external.  This  is  halfway  between  10°  and  11°,  and  we  can 


30 

therefore  choose 


10c 


curve  for  its  easy  use  in  calculations. 
External=^^=31.52'  Tangent=1-^-4=192.64 

Length  of  curve  =  100  A/D  =  (100)  (37' 
Establish  stationing  of  curve  as  follows: 


10 


=371. ( 


PI  station   21+00. 00 

Tangent  distance   -1+92.  64 


PC  station   19+07. 36 

Curve  length   3+71.67 


PT  station   22+79.03 

Use  50'  stations: 

Station  length  \ 


Deflection  angle  =  (D/2) 
/10 

Deflection  angle  =  — 


)( 


50'  N 
100' , 


100 

=  2°30' 


Station 
22+79.02 

22+50 

22+00 

21+50 

21+00 

20+50 

20+00 

19+50 

19+07.35 

19+00 


Point 


Distance 


Deflection 
angle 


PT 


PC 


29.02 

18°  35' 

50 

17°  08' 

50 

14°  38' 

50 

12°  08' 

50 

9°  38' 

50 

7°  08' 

50 

4°  38' 

42.65 

2°  08' 

07. 35 

Alinement 


A=37°10' 
Z>o=10° 
T=192.63 
#=31.52 
£=371.67 


To  get  on  station  19+50: 

Length  of  curve  =  (19+50) 
'42.64 


Deflection  angle  = 

To  get  on  PT: 

Length  of  curve = 

Deflection  angle : 

Check: 

Total  deflection^ 


50 


(19+07.36) 
2°08' 


=42.64' 


)  (2.5) 


(22+79.03) 
29.03 


50 


22+50)  =29.03' 
(2.5)=1.451°  =  1°27' 


:A/2: 


37°10' 


=  18°35 


Sum  of  distances  =  total  arc  length  =371.67' 
Note.— This  method  allows  quick,  efficient  calculation  of  easily  turned  deflection  angles. 
Saving  of  time  in  the  held  can  be  very  substantial,  so  it  is  considered  superior  to  the  radius 
design  method  for  most  purposes. 
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Table   3.— TANGENTS   AND   EXTERNALS   FOR   CURVES  OF 

RADIUS=1 


Central 
angle 

Tangent 
distance 

External 
distance 

Central 
angle 

Tangent 
distance 

External 
distance 

Central 
angle 

Tangent 
distance 

Exter- 
nal dis- 
tance 

o  / 

o  / 

o  / 

1 

0. 00873 

0.  00004 

11 

0. 09629 

0. 00463 

21 

0. 18534 

0. 01703 

10 

.01018 

. 00005 

10 

. 09776 

. 00477 

10 

.18684 

.01731 

20 

.01164 

. 00007 

20 

. 09923 

. 00491 

20 

. 18835 

. 01758 

30 

. 01309 

. 00009 

30 

. 10069 

. 00506 

30 

. 18986 

. 01786 

40 

. 01455 

.00011 

40 

.10216 

. 00521 

40 

. 19136 

. 01815 

50 

.01600 

. 00013 

50 

.10363 

00536 

50 

. 19287 

. 01843 

3 

.01746 

. 00015 

12 

.10510 

. 00551 

22 

. 19438 

. 01872 

10 

. 01891 

. 00018 

10 

. 10657 

. 00566 

10 

. 19589 

.01901 

20 

. 02036 

. 00021 

20 

. 10805 

.00582 

20 

. 19740 

. 01930 

30 

. 02182 

. 00024 

30 

. 10952 

. 00598 

30 

. 19891 

. 01959 

40 

. 02328 

. 00027 

40 

. 11099 

. 00614 

40 

.20042 

.  01989 

50 

. 02473 

. 00031 

50 

. 11246 

.00630 

50 

. 20194 

.  02019 

3 

. 02619 

. 00034 

13 

. 11394 

. 00647 

23 

. 20345 

. 02049 

10 

. 02764 

. 00038 

10 

. 11541 

. 00664 

10 

. 20497 

. 02079 

20 

.02910 

. 00042 

20 

.11688 

.00681 

20 

. 20648 

. 02110 

30 

. 03055 

. 00047 

30 

.11836 

. 00698 

30 

. 20800 

. 02140 

40 

.03201 

. 00051 

40 

. 11983 

. 00715 

40 

20952 

.02171 

50 

. 03346 

. 00056 

50 

. 12131 

. 00733 

50 

.21104 

. 02203 

4 

. 03492 

. 00061 

14 

. 12278 

. 00751 

24 

. 21256 

. 02234 

10 

.03638 

. 00066 

10 

.12426 

. 00769 

10 

.21408 

. 02266 

20 

.03783 

. 00072 

20 

. 12574 

. 00787 

20 

.21560 

.02298 

30 

. 03929 

. 00077 

30 

. 12722 

. 00806 

30 

. 21712 

. 02330 

40 

. 04075 

. 00083 

40 

. 12869 

. 00825 

40 

. 21864 

. 02362 

50 

. 04220 

. 00089 

50 

.13017 

. 00844 

50 

. 22017 

. 02395 

5 

. 04366 

. 00095 

15 

. 13165 

.00863 

25 

. 22169 

.02428 

10 

. 04512 

. 00102 

10 

. 13313 

.00882 

10 

. 22322 

.02461 

20 

. 04658 

. 00108 

20 

.13461 

. 00902 

20 

.22475 

. 02494 

30 

. 04803 

.00115 

30 

.13609 

. 00922 

30 

. 22628 

. 02528 

40 

. 04949 

. 00122 

40 

. 13758 

.00942 

40 

. 22781 

. 02562 

50 

. 05095 

. 00130 

50 

. 13906 

. 00962 

50 

. 22934 

. 02596 

6 

. 05241 

. 00137 

16 

. 14054 

. 00983 

26 

. 23087 

.02630 

10 

. 05387 

.  00145 

10 

.14202 

. 01004 

10 

. 23240 

. 02665 

20 

. 05533 

. 00153 

20 

. 14351 

. 01024 

20 

. 23393 

. 02700 

30 

. 05678 

. 00161 

30 

.14499 

.01046 

30 

. 23547 

. 02735 

40 

.05824 

. 00169 

40 

.14648 

. 01067 

40 

.23700 

. 02770 

50 

. 05970 

.00178 

50 

. 14796 

. 01089 

50 

. 23854 

. 02806 

7 

.06116 

. 00187 

17 

. 14945 

.01111 

27 

. 24008 

.02842 

10 

.  06262 

. 00196 

10 

.15094 

. 01133 

10 

. 24162 

. 02878 

20 

.06408 

. 00205 

20 

. 15243 

.01155 

20 

. 24316 

. 02914 

30 

. 06554 

. 00215 

30 

. 15391 

.01178 

30 

.24470 

.02950 

40 

. 06700 

. 00224 

40 

. 15540 

. 01200 

40 

.24624 

.02987 

50 

.06847 

. 00234 

50 

.15689 

. 01223 

50 

. 24778 

. 03024 

8 

.06993 

.00244 

18 

.15838 

. 01247 

28 

. 24933 

. 03061 

10 

. 07139 

. 00254 

10 

. 15988 

. 01270 

10 

. 25087 

.03099 

20 

.07285 

. 00265 

20 

. 16137 

.01294 

20 

.25242 

. 03137 

30 

. 07431 

. 00276 

30 

. 16286 

.01317 

30 

. 25397 

. 03175 

40 

. 07578 

. 00287 

40 

. 16435 

.01342 

40 

. 25552 

. 03213 

50 

. 07724 

.00298 

50 

. 16585 

. 01366 

50 

. 25707 

. 03251 

9 

. 07870 

. 00309 

19 

.16734 

. 01391 

29 

. 25862 

. 03290 

10 

.08017 

. 00321 

10 

.16884 

.01415 

10 

.26017 

.03329 

20 

.08163 

. 00333 

20 

. 17033 

.01440 

20 

. 26172 

.03368 

30 

.  08309 

. 00345 

30 

. 17183 

. 01466 

30 

.26328 

. 03408 

40 

. 08456 

. 00357 

40 

.17333 

. 01491 

40 

.26483 

. 03447 

50 

.08602 

. 00369 

50 

. 17483 

.01517 

50 

.26639 

. 03487 

10 

. 08749 

. 00382 

20 

. 17633 

. 01543 

30 

. 26795 

. 03528 

10 

.08895 

. 00395 

10 

. 17783 

. 01569 

10 

. 26951 

.03568 

20 

.09042 

.00408 

20 

. 17933 

. 01595 

20 

. 27107 

.03609 

30 

. 09189 

.00421 

30 

.18083 

. 01622 

30 

.27263 

. 03650 

40 

. 09335 

. 00435 

40 

. 18233 

. 01649 

40 

. 27419 

. 03691 

50 

. 09482 

. 00449 

50 

.18384 

. 01676 

50 

. 27576 

. 03732 

13 
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Table    3.— TANGENTS   AND    EXTERNALS   FOR    CURVES  OF 
RADIUS=  1— Continued 


•al  ' 

rangent 

External 

Central 

Tangent 

External 

Central 

Tangent 

Exter- 

e 

distance 

distance 

angle 

distance 

distance 

angle 

distance 

nal  dis- 
tance 

/ 

o  / 

0. 27762 

0. 03774 

41 

0.  3/388 

0. 06761 

51 

0. 47698 

0. 10793 

10 

.  27889 

. 03816 

10 

. 37554 

. 06819 

10 

. 47876 

. 10870 

20 

.  28046 

. 03858 

20 

. 37720 

. 06878 

20 

. 48055 

. 10947 

30 

.  28203 

. 03901 

30 

. 37887 

. 06y36 

30 

. 48234 

. 11025 

40 

. 2sob0 

. 03944 

40 

. 38053 

. 06995 

40 

. 48414 

. 11103 

50 

. 28517 

. 03987 

50 

OOOOA 

. 38220 

. 07055 

50 

. 48593 

. 11181 

.  28675 

. 04030 

42 

. 38386 

. 07115 

52 

. 48773 

. 11260 

1  n 
10 

. 28832 

. 04073 

10 

. 38553 

. 07174 

10 

. 48953 

. 11339 

20 

. 04117 

20 

. 38721 

. 07235 

20 

.  49134 

. 11419 

30 

. 29147 

. 04161 

30 

OOOOO 

. 07295 

30 

.  49315 

. 11499 

40 

.  29305 

. 04206 

40 

. 39055 

. 07356 

50 

.  49495 

. 11579 

50 

.  29463 

. 04250 

50 

. 39223 

. 07417 

50 

.  49677 

. 11659 

. 29621 

. 04295 

43 

.  39391 

. 07479 

53 

.  49858 

. 11740 

10 

.  29780 

. 04340 

10 

. 39559 

. 07540 

10 

.  50040 

. 11821 

20 

.  2yy38 

. 04385 

20 

. 39727 

. 07602 

20 

.  50222 

. 11903 

30 

. 30097 

. 04431 

30 

ononc 

. 3y8yb 

. 07665 

30 

.  50404 

. 11985 

40 

. 30255 

. 04477 

40 

. 40065 

. 07727 

40 

.  50587 

. 12067 

50 

. 30414 

. 04523 

50 

. 40234 

. 07790 

.  50769 

.  12150 

. 30573 

. 04569 

44 

. 40403 

. 07853 

54 

.  50953 

. 12233 

10 

. 30732 

. 04616 

10 

. 40572 

.07917 

10 

. 51136 

.  12316 

20 

.  30891 

. 04663 

20 

. 40741 

. 07981  1 

20 

. 51319 

. 12400 

30 

. 31051 

. 04710 

30 

.  40911 

.08045  | 

30 

.  51503 

. 12484 

40 

. 31210 

. 04757 

40 

. 41081 

. 08109  1 

40 

.  51688 

. 12568 

50 

. 31370 

. 04805 

50 

.  41251 

. 08174  j 

50 

. 51872 

. 12653 

. 31530 

. 04853 

45 

. 41421 

. 0o2oy 

55 

. 52057 

. 12738 

10 

. 31690 

. 04901 

10 

.  41592 

. 08305 

10 

. 52242 

. 12824 

20 

. 31850 

. 04950 

20 

.  41763 

. 08370 

20 

. 52427 

. 12910 

30 

. 32010 

. 04998 

30 

.  41933 

. 08436 

30 

.  52613 

.  12996 

40 

. 32171 

. 05047 

40 

. 42105 

. 08503 

40 

.  52798 

.  13083 

50 

. 32331 

. 05097 

50 

. 42276 

. 08569 

50 

.  52985 

. 13170 

. 32492 

. 05146 

46 

. 42447 

. 0863b 

56 

.  53171 

. 13257 

10 

. 32653 

. 05196 

10 

. 42619 

. 08703 

10 

.  53358 

. 13345 

20 

. 32814 

. 05246 

20 

.  42791 

. 08771 

20 

.  53545 

. 13433 

30 

. 32975 

. 05297 

30 

. 42963 

. 08839 

30 

. 53732 

. 13521 

40 

. 33136 

. 05347 

40 

. 43136 

. 08907 

40 

. 53920 

. 13610 

50 

.  33298 

. 05398 

50 

. 43308 

. 08975 

50 

. 54107 

.  13700 

.  33460 

. 05449 

47 

. 43481 

. 09044 

57 

.  54296 

.  13789 

10 

. 33621 

. 05501 

10 

. 43654 

. 09113 

10 

. 54484 

.  13879 

20 

. 33783 

. 05552 

20 

. 43828 

. 09183 

20 

. 54673 

. 13970 

30 

. 33945 

. 05604 

30 

. 44001 

. 09252 

30 

. 54862 

. 14061 

40 

. 34108 

. 05657 

40 

. 44175 

. 09323 

40 

. 55051 

. 14152 

50 

. 34270 

. 05709 

50 

. 44349 

. 09393 

50 

. 55241 

. 14243 

. 34433 

. 05762 

48 

. 44523 

. 09464 

58 

. 55431 

.  14335 

10 

. 34596 

. 05815 

10 

. 44697 

. 09535 

10 

. 55621 

.  14428 

20 

. 34758 

. 05869 

20 

.  44872 

. 09606 

20 

. 55812 

. 14521 

30 

.  34922 

. 05922 

30 

.  45047 

. 09678 

30 

. 56003 

. 14614 

40 

.  35085 

. 05976 

40 

.  45222 

. 09750 

40 

.  56194 

. 14707 

50 

.  35248 

. 06030 

50 

.  45397 

. 09822 

50 

.  56385 

. 14801 

.  35412 

. 06085 

49 

.  45573 

. 09895 

59 

. 56577 

. 14896 

10 

. 35576 

. 06140 

10 

. 45748 

. 09968 

10 

. 56769 

. 14990 

20 

.  35740 

. 06195 

20 

. 45924 

. 10041 

20 

.  56962 

. 15085 

30 

.  35904 

. 06250 

30 

.  46101 

. 10115 

30 

.  57155 

. 15181 

40 

.  36068 

. 06306 

40 

. 46277 

. 10189 

40 

. 57348 

. 15277 

50 

.  36232 

. 06362 

50 

. 46454 

. 10263 

50 

. 57541 

.  15373 

.  UCrl  1  o 

en 

ou 

. lUOOO 

ATI 
OU 

57735 

.  15470 

10 

. 36562 

.06474 

10 

.46808 

.10413 

10 

!  57929 

!  15567 

20 

. 36727 

.06531 

20 

. 46985 

.10488 

20 

.58124 

.15665 

30 

.  36892 

. 06588 

30 

.47163 

.10564 

30 

.58318 

.15763 

40 

. 37057 

. 06645 

40 

.47341 

.10640 

40 

.58513 

.15861 

50 

.37223 

. 06703 

50 

.47519 

.10716 

50 

.58709 

.15960 

14 


Table   3.— TANGENTS   AND   EXTERNALS   FOR   CURVES  OF 
RADIUS- 1— Continued 


ral 
le 

Tangent 
distance 

External 
distance 

Central 
angle 

Tangent 
distance 

External 
distance 

Central 
angle 

Tangent 
distance 

0.  58905 

0. 16059 

0  / 

71 

0. 71329 

0. 22833 

o  ' 

81 

0. 85408 

10 

. 59101 

. 16159 

10 

.  71549 

. 22960 

10 

.  85660 

20 

. 59297 

. 16259 

20 

. 71769 

.  23089 

20 

.  85912 

30 

. 59494 

. 16359 

30 

.  71990 

.  23217 

30 

.  86166 

40 

.  59691 

. 16460 

40 

.  72211 

.  23347 

40 

.  86419 

50 

.  59888 

.  16562 

50 

.  72432 

.  23476 

50 

.  86674 

.  60086 

.  16663 

72 

.  72654 

.  23607 

82 

. 86929 

10 

.  60284 

.  16766 

10 

.  72877 

.  23738 

10 

. 87184 

20 

.  60483 

.  16868 

20 

.  73100 

.  23869 

20 

.  87441 

30 

.  60681 

.  16971 

30 

.  73323 

.  24001 

30 

.  87698 

40 

.  60881 

.  17075 

40 

.  73547 

.  24134 

40 

.  87955 

50 

.  61080 

.  17178 

50 

.  73771 

.  24267 

50 

.  88214 

.  61280 

.  17283 

73 

.  73996 

.  24400 

o  83 

.  88473 

10 

.  61480 

.  17388 

10 

.  74221 

.  24534 

10 

.  88732 

20 

.  61681 

.  17493 

20 

.  74447 

.  24669 

20 

.  88992 

30 

.  61882 

.  17598 

30 

.  74674 

.  24804 

30 

.  89253 

40 

.  62083 

.  17704 

40 

.  74900 

.  24940 

40 

.  89515 

50 

.  62285 

. 17811 

50 

.  75128 

.  25077 

50 

.  89777 

.  62487 

. 17918 

74 

.  75355 

.  25214 

84 

.  90040 

10 

.  62689 

.  18025 

10 

.  75584 

.  25351 

10 

.  90304 

20 

.  62892 

.  18133 

20 

.  75812 

.  25489 

20 

.  90569 

30 

.  63095 

. 18241 

30 

.  76042 

.  25628 

30 

.  90834 

40 

.  63299 

. 18350 

40 

. 76272 

.  25767 

40 

.  91099 

50 

.  63503 

. 18459 

50 

.  76502 

.  25907 

50 

.  91366 

.  63707 

. 18569 

75 

.  76733 

.  26047 

85 

.  91633 

10 

.  63912 

. 18679 

10 

. 76964 

. 26188 

10 

.  91901 

20 

.  64117 

.  18790 

20 

. 77196 

.  26330 

20 

.  92170 

30 

.  64322 

.  18901 

30 

.  77428 

.  26472 

30 

.  92439 

40 

. 64528 

. 19012 

40 

.  77661 

.  26615 

40 

.  92709 

50 

.  64734 

.  19124 

50 

.  77895 

.  26758 

50 

.  92980 

.  64941 

. 19236 

76 

.  78129 

.  26902 

86 

.  93252 

10 

. 65148 

. 19349 

10 

.  78363 

.  27046 

10 

.  93524 

20 

.  65355 

.  19463 

20 

.  78598 

.  27191 

20 

.  93797 

30 

.  65563 

.  19576 

30 

.  78834 

.  27337 

30 

.  94071 

40 

.  65771 

.  19691 

40 

.  79070 

.  27483 

40 

.  94345 

50 

.  65980 

.  19805 

50 

.  79306 

.  27630 

50 

.  94620 

.  66189 

.  19920 

77 

.  79544 

.  27778 

87 

.  94896 

10 

.  66398 

.  20036 

10 

.  79781 

.  27926 

10 

.  95173 

20 

.  66608 

.  20152 

20 

.  80020 

. 28075 

20 

.  95451 

30 

.  66818 

.  20269 

30 

.  80258 

.  28224 

30 

.  95729 

40 

.  67028 

.  20386 

40 

. 80498 

.  28374 

40 

.  96008 

50 

.  67239 

.  20504 

50 

. 80738 

. 28525 

50 

.  96288 

.  67451 

.  20622 

78 

. 80978 

.  28676 

88 

.  96569 

10 

.  67663 

. 20740 

10 

. 81220 

.  28828 

10 

.96850 

20 

.  67875 

.  20859 

20 

. 81461 

.  28980 

20 

. 97133 

30 

.  68088 

.  20979 

30 

.  81703 

.  29133 

30 

.  97416 

40 

.  68301 

. 21099 

40 

.  81946 

.  29287 

40 

.  97700 

50 

.  68514 

. 21220 

50 

.  82190 

.  29442 

50 

.  97984 

. 68728 

.  21341 

79 

.  82434 

.  29597 

89 

.  98270 

10 

.  68942 

.  21462 

10 

.  82678 

.  29752 

10 

.  98556 

20 

.  69157 

. 21584 

20 

.  82923 

.  29909 

20 

.  98843 

30 

.  69372 

.  21707 

30 

. 83169 

.30066 

30 

.  99131 

40 

.  69588 

. 21830 

40 

.  83415 

.  30223 

40 

.  99420 

50 

.  69804 

.  21953 

50 

.  83662 

.  30382 

50 

.  99710 

.  /UUJ1 

. zzU/ / 

80 

.  83910 

.  30541 

90 

1.  00000 

10 

.70238 

.  22202 

10 

.84158 

.30700 

10 

1.  00291 

20 

.70455 

.22327 

20 

. 84407 

.  30861 

20 

1.00583 

30 

.70673 

.  22453 

30 

. 84656 

. 31022 

30 

1.  00876 

40 

.  70891 

.  22579 

40 

.84906 

.31183 

40 

1.  01170 

50 

.71110 

.22706 

50 

.  85157 

. 31346 

50 

1.  01465 
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Table   3.— TANGENTS   AND   EXTERNALS   FOR   CURVES  OF 
RADIUS  =  1— Continued 


ral 

Tangent 

External 

Central 

Tangent 

External 

Central 

Tangent 

Exter- 

le 

distance 

distance 

angle 

distance 

distance 

angle 

distance 

nal  dis- 

tance 

0 

° 

1.  01761 

0.  42672 

109 

1. 40195 

0. 72205 

127 

2.  00569 

1.  24116 

20 

1.  02355 

.  43096 

20 

1.  41061 

.  72911 

40 

] .  02952 

.  43524 

40 

1.  41934 

.  73624 

128 

2.  05030 

1.28117 

1.  03553 

.  43956 

110 

1.42815 

.  74345 

129 

2. 09654 

1.32282 

20 

1.  04158 

.  44391 

20 

1.43703 

.  75073 

40 

1. 04766 

.  44831 

40 

1.44598 

.75808 

130 

2. 14451 

1.36620 

1.  05378 

.  45274 

111 

1.45501 

.  76552 

131 

2.  19430 

1.41142 

20 

1.  05994 

.  45721 

20 

1.46411 

.  77303 

40 

1.  06613 

.  46173 

40 

1.47330 

.  78062 

132 

2.  24604 

1.45859 

1.  07237 

.  46628 

112 

1.48256 

.  78829 

133 

2.  29984 

1.50784 

20 

1.  07864 

.  47087 

20 

1.49190 

.79604 

40 

1.  08496 

.  47551 

40 

1.  50133 

. 80388 

134 

2.  35585 

1.55930 

1.  09131 

.  48019 

113 

1. 51084 

.81180 

135 

2.41421 

1.61313 

20 

1.09770 

.  48491 

20 

1.  52043 

.  81981 

40 

1. 10414 

.  48967 

40 

1.53010 

. 82790 

136 

2.  47509 

1.66947 

1. 11061 

.  49448 

114 

1.  53986 

.  83608 

137 

2. 53865 

1.72850 

20 

1. 11713 

.  49933 

20 

1.  54972 

.  84435 

40 

1. 12369 

.50422 

40 

1.  55966 

.  85271 

138 

2.  60c  09 

1.79043 

1. 13029 

. 50916 

115 

1.  56969 

.  86116 

139 

2.  67462 

1.  85545 

20 

1. 13694 

. 51415 

20 

1.  57981 

.  86970 

40 

1. 14363 

.51918 

40 

1.  59002 

.87834 

140 

2.  74718 

1.92380 

1. 15037 

. 52425 

116 

1.60033 

.  88708 

141 

2.  82391 

1.99574 

20 

1. 15715 

. 52938 

20 

1.  61074 

.  89591 

40 

1. 16398 

. 53455 

40 

1.  62125 

.90485 

142 

2.  90421 

2.  07155 

1. 17085 

.  53977 

117 

1.63185 

. 91388 

143 

2.  98868 

2. 15155 

20 

1. 17777 

.  54504 

20 

1. 64256 

. 92302 

40 

1. 18474 

.  55036 

40 

1. 65337 

. 93226 

144 

3. 07768 

2.  23607 

1. 19175 

.  55572 

118 

1.66428 

.  94160 

145 

3. 17159 

2. 32551 

20 

1. 19882 

.  56114 

20 

1.67530 

.  95106 

40 

1.20593 

. 56661 

40 

1.68643 

. 96062 

146 

3.  27085 

2.  42030 

1.21310 

.  57213 

119 

1.  69766 

. 97029 

147 

3.  37594 

2.  52094 

20 

1.22031 

.  57771 

20 

1.70901 

. 98008 

40 

1.  22758 

.  58333 

40 

1.  72047 

.  98998 

148 

3.  48741 

2.  62796 

1.23490 

.  58902 

120 

1.73205 

1.00000 

149 

3.  60588 

2.  74198 

20 

1.24227 

.  59475 

20 

1.  74375 

1.01014 

40 

1.24969 

.  60054 

40 

1.75556 

1.  02039 

150 

3.  73205 

2.  86370 

1.  25717 

.  60639 

121 

1.  76749 

1.03077 

151 

3.  86671 

2.  99393 

20 

1.  26471 

.  61229 

20 

1.  77955 

1.04128 

40 

1. 27230 

.  61825 

40 

1.79174 

1.05191 

152 

4.  01078 

3. 13357 

1.27994 

.  62427 

122 

1.80405 

1.06267 

153 

4. 16530 

3.  28366 

20 

1.  28764 

.63035 

20 

1.81649 

1.  07356 

40 

1. 29541 

.  63648 

40 

1.82906 

1.  08458 

154 

4. 33148 

3.  44541 

1.30323 

.  64268 

123 

1.84177 

1.09574 

155 

4. 51071 

3.  62023 

20 

1.31110 

.  64894 

20 

1.85462 

1.10704 

40 

1.31904 

.  65526 

40 

1.86760 

1.11847 

156 

4.  70463. 

3.  80973 

1.32704 

.  66164 

124 

1.88073 

1. 13005 

157 

4.  91516 

4.  01585 

20 

1.33511 

.66809 

20 

1.89400 

1. 14178 

40 

1.34323 

. 67460 

40 

1.90741 

1.15366 

158 

5. 14455 

4. 24084 

1.35142 

.68117 

125 

1.92098 

1. 16568 

159 

5.  39552 

4. 48740 

20 

1 . 35968 

.  68782 

20 

1 . 93470 

1. 17786 

40 

1.36800 

.  69452 

40 

1.94858 

1. 19019 

160 

5.  67128 

4. 75877 

1.37638 

.  70130 

126 

1.96261 

1.  20269 

161 

5.  97576 

5.  05886 

20 

1.38484 

.70815 

20 

1.97680 

1.21535 

40 

1.39336 

. 71506 

40 

1.99116 

1.22817 

162 

6.  31375 

5.  39245 
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Table  4.— LENGTHS  OF  CIRCULAR  ARCS— RADIUS=1 


Degrees 


28. 
29. 
30. 
31. 
32- 
33- 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41- 
42- 
43- 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 


Length 


. 01745 
03491 
05236 


08727 
10472 
12217 
13963 
15708 
17453 
19199 
20944 
22689 
24435 
26180 
27925 
29671 
31416 
33161 
34907 
36652 
38397 
40143 
41888 
43633 
45379 
47124 


50615 
52360 
54105 
55851 
57596 
59341 
61087 
62832 
64577 
66323 
68068 
69813 
71558 
73304 
75049 
76794 
78540 
80285 
82030 
83776 
85521 
87266 
89012 
90757 
92502 
94248 
95993 
97738 
99484 
01229 
02974 
04720 


Degrees 


61- 
62.. 
63- 
64.. 
65.. 
66.. 
67.. 
68- 
69.. 
70- 
71.. 
72.. 
73.. 
74.. 
75.. 
76- 
77.. 
78.. 
79.. 
80- 
81- 
82.. 
83.. 
84.. 
85.. 
86- 
87- 
88- 
89.. 
90- 
91- 
92.. 
93.. 
94-. 
95.. 
96- 
97- 
98.. 
99.. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 


L/engtn 

, ,.  , 
jviiiiutes 

1. 06465 

i 

1. 08210 

o 

Z.  . 

i . uyyoo 

Q 

O--                   -  - 

1. 11701 

1. 13446 

0.-    ._    .    -    --    _  _ 

1. 15192 

6— ----- 

1. 16937 

7 

1. 18682 

8    

1. J04zo 

o 

1. 22173 

l.  zoylo 

1.  25664 

1. 27409 

1. 29154 

1  A 

1. 30900 

1. 32645 

1  a 

1. 34390 

17  _ 

1.36136 

18  

1. 37881 

1. oybJb 

1. 41372 

21. _  ... 

1. 43117 

1 . 44862 

23...  . 

1. 4bb0o 

1. 48353 

25..  . 

1. 50098 

26  

1. 51844 

27. . 

1. 53589 

1. 55334 

1. O/UoU 

1. 58825 

1. 60570 

1. bJolb 

1.  64061 

1.  DOOOO 

1.  67552 

1.  o\)Z\)i 

1. 71042 

1  ,70*7QQ 

1.  iZioo 

1.  74533 

I.  lOZiO 

I.  IcAjZA 

1  7Q7AG 

1.  O1014 

1  QOOCA 

1.  oozbO 

1. 85005 

1. 86750 

1.  oMyb 

1.  yi)Z41 

i.  yiyoo 

50  .  

1  00*700 

l. yd7oz 

1. 95477 

1  HTOOO 

1.  \)lZZ,Z 

53  

i.  yoyoo 

O  O 
Z.  KjUiiO 

55_.  . 

2. 02458 

56  

O  C\A  Of\A 

Z.  U4xU4 

2.  05949 

58  

2. 07694 

59  

2. 09440 

60  

17 


Table  5.— DEFLECTION  ANGLES  FOR  CURVES 


Chord 
length 
(feet) 

Deflection 
angle 

Deflec- 
tion for  1 

foot 
(minutes) 

Radius 
(feet) 

Arc 
length 
(feet) 

Chord 
length 
(feet) 

D  e  fl  ection 
angle 

Deflec- 

Hnn  for  1 

foot 
(min- 
utes) 

14.  82 

10°44. 57' 

42. 97183 

450 

50 

49. 97 

3°10.99' 

3. 81971 

14.93 

9  32.96 

38. 19718 

475 

50 

49. 98 

0 
0 

00.  93 

3.61868 

14.94 

8  35.  66 

34. 37746 

500 

50 

49. 

98 

9 

m 

51. 

89 

3. 43774 

14.96 

7  48.78 

31. 25224 

550 

50 

49.98 

2 

36.  26 

3. 12522 

14.97 

7  09.71 

28. 64788 

600 

50 

49. 

99 

2 

23.24 

2.  86478 

19.  89 

8  48.88 

26. 44420 

650  

50 

50. 00 

9 

12.22 

2.  64442 

19.  93 

8  11. 11 

24. 55533 

700 

100 

99. 

92 

A 
t 

05.  55 

2. 45553 

19.  93 

7  38.37 

22. 91831 

750 

100 

99. 

93 

O 
O 

49. 18 

2. 29183 

19.  94 

7  09.72 

21. 48591 

800 

100 

99. 

93 

3 

34. 

86 

2. 14859 

19.  95 

6  44.44 

20. 22203 

850 

100 

99. 

94 

3 

22.  22 

2.  02220 

19.  96 

6  21.97 

19. 09859 

900 

100 

99.  95 

0 
0 

10.99 

.  1.90985 

19.  97 

6  01.  87 

18. 09340 

950..-  - 

100 

Qt 

yo 

Q 

00.93 

1.80934 

24.93 

7  09.72 

17. 18873 

1000  . 

100 

99 

OR 

9 

51. 

89 

1.  71887 

24.  95 

6  30.  65 

15. 62612 

1100  

100 

99! 

96 

2 

36.  26 

1 '.  56261 

24.96 

5  58.10 

14. 32394 

1200  

100 

99. 

97 

2 

23.24 

1. 43239 

24.  96 

5  30.  55 

13. 22210 

1300--- 

100 

99. 

97 

9 

12.  22 

1.32221 

24.  96 

5  06.94 

12.  27766 

1400  

100 

99. 

98 

9 

02.  78 

1.22776 

24. 97 

4  46.48 

11. 45915 

1500 

100 

99. 

98 

1 
1 

54.59 

1. 14591 

24.97 

4  28.57 

10. 74295 

1600  

100 

99. 

98 

1 

47. 

43 

1. 07429 

24.  97 

4  12.77 

10. 11101 

1700  

100 

99. 

99 

1 

41. 

11 

1.01110 

24. 98 

3  58.73 

9. 54929 

1800--- 

100 

99. 

99 

I 

35 

49 

0. 95493 

24.  98 

3  46. 17 

9. 04670 

1900--- 

100 

100. 

on 

I 

30 

47 

0. 90467 

24.98 

3  34.86 

8. 59436 

2000  

100 

100. 

00 

1 
1 

25. 

94 

0.  85943 

24.  98 

3  24.63 

8. 18511 

2100  

100 

100. 

00 

1 

21. 

85 

0. 81851 

24.  98 

3  15.  33 

7. 81306 

2200  

100 

100 

00 

1 

18 

13 

0. 78130 

24.99 

3  06.83 

7. 47336 

2300--- 

100 

100 

00 

1 

14 

73 

0.  74733 

24.99 

2  59.05 

7. 16197 

2400--- 

100 

100 

00 

1 

11 

62 

0.  71619 

24.99 

2  51.  89 

6. 87549 

2500  

100 

100 

00 

1 

08 

75 

0.  68755 

24.  99 

2  36.  26 

6. 25044 

3000  

100 

100 

00 

0 

57 

29 

0.  57296 

49.  94 

4  46.  48 

5. 72957 

3500  

100 

100 

00 

0 

49 

11 

0.49110 

49. 95 

4  24.44 

5.  28884 

4000--- 

100 

100 

00 

0 

12 

97 

0. 42972 

49.  96 

4  05.  55 

4.  91106 

4500--- 

100 

100 

00 

0 

38 

20 

0. 38197 

49.  96 

3  49. 18 

4.  58366 

5000—. 

100 

100 

00 

0 

34 

38 

0. 34377 

49.  97 

3  34.  86 

4.  29718 

6000--. 

100 

100 

00 

0 

28 

65 

0.28648 

49.  97 

3  22.  22 

4.04440 

7000-.- 

100 

100 

00 

0 

24 

55 

0. 24555 

Arc 
length 

(feet) 


15 
15 
15 
15 
15 

20 
20 
20 
20 
20 

20 
20 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
50 

50 
50 
50 
50 
50 


IS 


Table  6.— MINUTES  CONVERTED  TO  DECIMALS  OF  A  DEGREE 


Min- 

Degrees 

Min- 

Degrees 

Min- 

Degrees 

Min- 

Degrees 

Min- 

Degrees 

utes 

utes 

utes 

utes 

utes 

1 

0. 01667 

13 

0. 21667 

25 

0. 41667 

37 

0. 61667 

49 

0. 81667 

2 

0. 03333 

14 

0. 23333 

26 

0. 43333 

38 

0. 63333 

50 

0. 83333 

3 

0.  05000 

15 

0. 25000 

27 

0.  45000 

39 

0.  65000 

51 

0. 85000 

4 

0.  06667 

16 

0. 26667 

28 

0.  46667 

40 

0. 66667 

52 

0. 86667 

5 

0. 08333 

17 

0. 28333 

29 

0.  48333 

41 

0. 68333 

53 

0. 88333 

6 

0. 10000 

18 

0.  30000 

30 

0.  50000 

42 

0. 70000 

54 

0. 90000 

7 

0. 11667 

19 

0.  31667 

31 

0. 51667 

43 

0. 71667 

55 

0. 91667 

8 

0. 13333 

20 

0.  33333 

32 

0. 53333 

44 

0. 73333 

56 

0.93333 

9 

0. 15000 

21 

0.  35000 

33 

0. 55000 

45 

0. 75000 

57 

0. 95000 

10 

0. 16667 

22 

0.  36667 

34 

0. 56667 

46 

0. 76667 

58 

0. 96667 

11 

0. 18333 

23 

0.  38333 

35 

0.  58333 

47 

0. 78333 

59 

0. 98333 

12 

0.  20000 

24 

0.  40000 

36 

0. 60000 

48 

0. 80000 

60 

1.00000 

Table  7.— RADIUS  OF  CURVE  FROM  DEGREE  OF  CURVE 

[Arc  definition.  Radius  in  feet] 


Radius 
of  curve 


729. 58 
819. 72 
864.  79 
291. 83 
909.  86 
637. 02 
432. 40 
273. 24 
145.  92 
041.  74 
954. 93 
881.47 
818.  51 
763. 94 
716.  20 
674. 07 
636.  62 
603. 11 
572. 96 
545.  68 
520. 87 
498. 22 
477. 46 
458. 37 
440. 74 
424.  41 
409. 26 
395. 14 
381. 97 
369. 65 


Degree 
of  curve 


16°.. 
16°30 
17°.. 
17°30 
18°._ 
18°30 
19°„ 
19°30 
20°- 
21°.. 
22°.. 
23°„ 
24°.. 
25°... 
26°- 
27°- 
28°._ 
29°.. 
30°- 
31°.. 
32°._ 
33°- 
34°.. 
35°.  _ 
36°- 
37°.. 
38°.  _ 
39°.. 
40°- 
41°.. 


Radius 
of  curve 


358. 10 
347. 25 
337. 03 
327. 40 
318. 31 
309. 71 
301. 56 
293.  82 
286. 48 
272. 84 
260. 44 
249. 11 
238. 73 
229. 18 
220.  37 
212.  21 
204.  63 
197.  57 
190.  99 
184.  82 
179. 05 
173. 62 
168. 52 
163. 70 
159. 16 
154. 85 
150. 78 
146. 91 
143. 24 
139. 74 


Degree 

Radius 

of  curve 

of  curve 

42°  

136.42 

43°  

133. 25 

44°  

130. 22 

45°  

127. 32 

46°  

124.  56 

47°  

121.91 

48°  

119. 38 

49°  

116. 93 

50°  

114.  59 

51°  

112. 34 

52°  

110. 18 

53°  

108. 11 

54°  

106. 10 

55°  

104. 17 

56°  

102. 32 

57°  

100.  52 

58°  

98.  79 

59°  

97.11 

60°  

95. 49 

61°  

93. 92 

62°  

92.41 

63°  

90.94 

64°  

89. 52 

65°  

88.15 

66°  

86. 81 

67°  

85.52 

68°  

84. 26 

69°  

83.04 

70°  

81.85 

71°  

80.70 

Degree 
of  curve 


72°  _. 
73°. 
74°.. 
65°. 
76°. 
77°. 
78°. 
79°.. 
80°. 
81°. 
82°. 
83°. 
84°. 
85°. 
86° .. 
87° .. 
88°.. 
89°  _. 
90°.. 
91°.. 
92°.. 
93°.. 
94°.. 
95°.. 
96°.. 
97°  .. 
98° .. 
99°. 
100° 
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Table  8. — ORDERS  OF  LEVELING 


Item 

First-order 

Second-order 

Third-order 

Class  I 

Class  II 

Spacing  of  lines  and 
cross-lines. 

60  miles   . 

25-35  miles  

0  miles  

Not  specified. 

Average  spacing  of 
permanently  marked 
benchmarks  along 
lines,  not  to  exceed. 

1  mile     .  ... 

1  mile..  .. 

1  mile.  ... 

3  miles. 

Length  of  sections   . 

mile  

mile  

\<i-\  mile  

Not  specified. 
12mm  Vk  or 

0.05  ft.  Vm. 

Check  between  forward 
and  backward  running 
between  fixed  eleva- 
tions or  loop  closures, 
not  to  exceed. 

4mm  Vk  or 
 0.017  ft. 

Vm. 

8.4mm  Vk  or 
0.035  ft. 

Vm. 

8.4mm  Vk  or 
0.035  ft. 

Vm. 

K  is  the  distance  in  kilometers. 
M  is  the  distance  in  miles. 

Source:  U.S.  Dept.  of  Commerce,  Coast  and  Geodetic  Survey,  Washington,  D.C. 


Table  9.— ORDERS  OF  TRAVERSE 


Item 

First-order 

Second-order 

Third-order 

Number  of  azimuth  courses  be- 
tween azimuth  checks  not  to 
exceed. 

Astronomical  azimuth :  Probable 

error  of  result. 
Azimuth  closure  at  azimuth  check 

points  not  to  exceed*. 

Distance   measurements  accurate 
within. 

After  azimuth  adjustment,  closing 
error  in  position  not  to  exceed*. 

15  

0.5  sec  

2  sec.  VN  or 
1.0  sec.  per 
station. 

1  in  35,000  

0.66  ft.  VM  or 
1  in  25,000. 

25  

2.0  sec  

10  sec.  VN  or 
3.0  sec.  per 
station. 

1  in  15,000  

1 .67  ft.  VM  or 
1  in  10,000. 

50. 

5.0  sec. 

30  sec.  VN  or 
8.0  sec.  per 
station. 

1  in  7,500. 

3.34  ft.  VM  or 
1  in  5,000. 

N  is  the  number  of  stations  for  carrying  azimuth. 
M  is  the  distance  in  miles. 

*The  expressions  for  closing  errors  in  traverse  surveys  arc  given  in  two  forms.  The  expres- 
sion containing  the  square  root  is  designed  for  longer  lines  where  higher  proportional  accuracy 
is  required.  The  formula  which  gives  the  smaller  permissible  closure  should  be  used. 

Source:  U.S.  Dept.  of  Commerce,  Coast  and  Geodetic  Survey,  Washington,  D.C. 
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Table  11.— ACRES  REQUIRED  FOR  DIFFERENT  WIDTHS 


[Per  mile,  and  per  100  feet] 


Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

Width, 

per 

per 

Width, 

per 

per 

Width, 

per 

per 

feet 

mile 

100 

feet 

mile 

100 

feet 

mile 

100 

feet 


feet 

feet 

1 

0. 121 

0. 002 

35 

4.24 

0. 080 

69 

8. 36 

0.158 

2 

.242 

.005 

36 

4.36 

.083 

70 

8.  48 

.161 

3 

.364 

.007 

37 

4.48 

.085 

71 

8.  61 

.163 

4 

.485 

.009 

38 

4.  61 

.087 

72 

8.73 

.165 

5 

.606 

.011 

39 

4.73 

.090 

73 

8.  85 

.168 

6 

.727 

.014 

40 

4.85 

.092 

74 

8.  97 

.170 

7 

.848 

.016 

41 

4.97 

.094 

7iX 

9.00 

.170 

8 

.970 

.018 

5.  00 

.095 

75 

9. 09 

.172 

sH 

1.00 

.019 

42 

5.09 

.096 

76 

9.21 

.174 

9 

1.09 

.021 

43 

5.21 

.099 

77 

9.  33 

.177 

10 

1.21 

.023 

44 

5.  33 

.101 

78 

9.  45 

.179 

11 

1.33 

.025 

45 

5.  45 

.103 

79 

9.58 

.181 

12 

1.46 

.028 

46 

5.  58 

.106 

80 

9.  70 

.184 

13 

1.58 

.030 

47 

5.  70 

.108 

81 

9.  82 

.186 

14 

1.70 

.032 

48 

5. 82 

.110 

82 

9.  94 

.188 

15 

1.82 

.034 

49 

5.  94 

.112 

82^ 

10.00 

.189 

16 

1.94 

.037 

49K 

6.00 

.114 

83 

10.  06 

.191 

l&A 

2. 00 

.038 

50 

6.  06 

.115 

84 

10. 18 

.193 

17 

2.  06 

.039 

51 

6. 18 

.117 

85 

10. 30 

.195 

18 

2. 18 

.041 

52 

6. 30 

.119 

86 

10.  42 

.197 

19 

2.  30 

.044 

53 

6. 42 

.122 

87 

10.  55 

.200 

20 

2. 42 

.046 

54 

6. 55 

.124 

88 

10.  67 

.202 

21 

2.  55 

.048 

55 

6.  67 

.126 

89 

10.  79 

.204 

22 

2.  67 

.051 

56 

6.  79 

.129 

90 

10.91 

.207 

23 

2.79 

.053 

57 

6.  91 

.131 

mi 

11.00 

.208 

24 

2. 91 

.055 

57^ 

7.00 

.133 

91 

11.03 

.209 

2i% 

3.00 

.057 

58 

7.  03 

.133 

92 

11.15 

.211 

25 

3.  03 

.057 

59 

7. 15 

.135 

93 

11  27 

.213 

26 

3.15 

.060 

60 

7.  27 

.138 

94 

11.39 

.216 

27 

3.  27 

.062 

61 

7.39 

.140 

95 

11.51 

.218 

28 

3.39 

.064 

62 

7.  52 

.142 

96 

11.64 

.220 

29 

3.52 

.067 

63 

7.64 

.145 

97 

11.76 

.223 

30 

3.64 

.069 

64 

7.  76 

.  147 

98 

11.88 

.225 

31 

3.  76 

.071 

65 

7.88 

.149 

99 

12.00 

.227 

32 

3.  88 

.073 

66 

8. 00 

.152 

100 

12. 12 

.230 

33 

4.00 

.076 

67 
68 

8. 12 

.154 

34 

4. 12 

.078 

8.24 

.156 

1 
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R.2  W. 


ON   NORTH  AND   SOUTH  LINES  V*.  CORNERS  ARE  MARKED 
(V4  S)  ON   WEST  FACE. 

ON   EAST  AND  WEST  LINES  J/4  CORNERS  ARE  MARKED 
(V4  S)  ON  NORTH  FACE. 

Range  and  Township  line    corners   bear  grooi/es 
on  the  faces  of  the  stone.     Section     corners  are 
marked   with  notches  on  the   edges  of  the  stone. 


Figure  7.— System  of  marking  stone  corner  monuments  employed  in  Public  Land  Surveys. 
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Table  13.— PERCENT  SLOPE  CONVERTED  TO  DEGREES 
INCLINATION 


Percent 

Degrees 

F 

° 

1  

34 

26 

9 

1 

09 

27 

3  

1 

43 

28 

4  

2 

17 

29 

5  

2 

52 

30 

6  

3 

26 

31 

7 

4 

00 

32 

8  

4 

34 

33 

9  

5 

09 

34 

10  

5 

43 

35 

11  

6 

17 

36 

12  

6 

51 

37 

13  

7 

24 

38 

14  

7 

58 

39 

15  

8 

32 

40 

16  

9 

05 

41 

17  

9 

39 

42 

18  

10 

12 

43 

19  

10 

45 

44 

20  

11 

19 

45 

21  

11 

52 

46 

22  

12 

24 

47 

23  

12 

57 

48 

24  

13 

30 

49 

25  

14 

02 

50 

Percent 


>egrees 

Percent 

14 

34 

51  

15 

07 

52  

15 

39 

53  

16 

10 

54  

16 

42 

55  

17 

13 

56  

17 

45 

57  

18 

16 

58  

18 

47 

59  

19 

17 

60  

19 

48 

61  

20 

18 

62  

20 

48 

63  

21 

18 

64  

21 

48 

65  

22 

18 

66  

22 

47 

67  

23 

16 

68  

23 

45 

69  

24 

14 

70  

24 

42 

71  

25 

10 

72  

25 

38 

73  

26 

06 

74  

26 

34 

75  

Degrees 


Percent 


27  01 

27  28 

27  55 

28  22 

28  49 

29  15 

29  41 

30  07 
30  32 

30  58 

31  23 

31  48 

32  13 

32  37 

33  01 

33  25 

33  49 

34  13 

34  36 

35  00 

35  22 

35  45 

36  08 
36  30 
36  52 


Table  14.— DEGREES  INCLINATION  CONVERTED  TO  PERCENT 

SLOPE 


Percent 


Degrees 


1.74 

16  

3.49 

17  

5.  24 
6.99 

18  

19  

8. 75 

20  

10.  51 

21  

12.  28 

22  

14.05 

23  

15.84 

24  

17.63 

25  

19.44 

26  

21.26 

27  

23.09 

28  

24.93 

29  

26.80 

30  

Percent 


28. 67 
30.  57 
32.  49 
34.43 
36.40 

38.  39 
40.40 
42.  45 
44.52 
46.63 


50.  95 
53.17 
55.  43 
57.  73 


Degrees 

Percent 

31  

60.09 

32  

62.49 

33  

64.94 

34  

67. 45 

35  

70. 02 

36  

72.65 

37  

75. 35 

38  

78. 13 

39  

80.  98 

40  

83.91 

41  

86. 93 

42  

90.04 

43  

93.  25 

44  

96.  57 

45  

100.00  1 

Degrees 


46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 
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Table  15.— STADIA  REDUCTIONS— HORIZONTAL  DISTANCES 
AND  ELEVATIONS  FROM  STADIA  READINGS 


C 

1 

o 

2 

0 

3 

Minutes 

xior. 

JL>1II . 

TTAr 

.□.or. 

uin. 

.□.or. 

Din. 

nor. 

.Din. 

QlSl  . 

elev. 

a  ist. 

elev. 

UlSl . 

elev. 

A  iof 

aisi. 

elev. 

0   

100.  00 

0. 00 

99. 97 

1.74 

99.88 

3. 49 

99.73 

5.23 

2  

100.  00 

0.  06 

99.97 

1.80 

99.  87 

3.  55 

99. 72 

5.28 

A 

4     

IUU.  uu 

n  i  o 
u.  1Z 

QQ  Q7 

yy.  y/ 

1  OA 
1.  80 

QQ  07 

yy.  oi 

Q  AO 
O.  OU 

OO  71 

yy.  /  i 

5.  34 

ci 

i  nn  nn 

IUU.  uu 

n  17 

U.  XI 

QQ  QA 

yy.  yo 

1  Q9 

i .  yz 

QQ  Q7 

yy.  o ' 

1  AA 

0.  oo 

OO  71 

yy.  /  i 

£  A(\ 

0.  4U 

C 

i  nn  nn 

IUU.  uu 

n  9^ 

U.  ZO 

QQ  QA 
yy.  yo 

1  Qft 
i.  yo 

QQ  8A 

yy.  oo 

"i  79 
O.  /  Z 

QQ  7n 

yy.  /u 

K  AP. 

0.  40 

m 

i  nn  nn 

1UU.  uu 

n  9Q 

U.  Lo 

QQ  QA 

yy.  yo 

9  Q4 
Z.  Ul 

QQ  8A 

yy.  oO 

1  7Q 
O.  IO 

OO  AO 

yy.  oy 

C  CO 

0.  Oz 

12  

100.  00 

0.  35 

99.  96 

2.09 

99. 85 

3.84 

99. 69 

5.  57 

1  4 

i  nn  nn 

IUU.  UU 

n  41 

U.  11 

QQ  Q^ 
yy.  yo 

9  1 
Z.  lO 

QQ  8^ 

yy.  oo 

o  on 
o.  yu 

QQ  AO 

yy.  oo 

S  AO 

0.  Oo 

1  A 

i  nn  nn 
IUU.  uu 

n  47 
u.  1/ 

QQ  Q^ 

yy.  yo 

9  91 
Z.  Zl 

QQ  ft4 

yy.  oi 

"i  Q^ 

o.  »o 

OO  AO 

yy.  0o 

£  AO 

o.  oy 

18 

i  nn  nn 

IUU.  UU 

n  ^9 
u.  oz 

QQ  Q^ 

yy.  yo 

9  97 
Z.  LI 

QQ  ft4 

yy.  oi 

4  m 

1.  Ul 

OO  A7 

yy.  0/ 

^  71; 
0.  lO 

20 

i  nn  nn 

IUU.  uu 

n  fis 

U.  OO 

QQ  Q^ 
yy.  yo 

9 

Z.  OO 

QQ  80 

yy.  oo 

4  n7 

1.  u/ 

QQ  AR 

yy.  oo 

en 
0.  ou 

22  

100.  00 

0. 64 

99.  94 

2. 38 

99.  83 

4.13 

99.  66 

5.86 

OA. 

i  nn  nn 

IUU.  uu 

n  7n 
u.  /  u 

QQ  Q4 

yy.  yi 

9  44 

Z.  11 

QQ  89 

yy.  oz 

4  18 
4.  10 

oq  fit; 

yy.  oo 

K  OO 

o.  yz 

9fi 

QQ  QQ 
yy.  yy 

n  7r 

U.  /  O 

QQ  Q4 
yy.  yi 

9  ^n 

Z.  OU 

QQ  89 

yy.  oz 

4  94 
1.  Zl 

QQ  A4 

yy.  oi 

K  Q8 

o.  yo 

98 

ZO    

QQ  QQ 
yy.  yy 

n  ai 

U.  01 

QQ  Q** 

yy.  yo 

9  flA 
Z.  00 

QQ  Q1 

yy.  oi 

a  on 

4.  OU 

OO  ftl 

yy.  0o 

A  r\A 

0.  U4 

QQ  QQ 
yy.  yy 

n  s7 

U.  0/ 

QQ  Q1 

yy.  yo 

9  A9 

Z.  oz 

QQ  81 

yy.  oi 

4  OR 
4.  OO 

OO  fiQ 

yy.  oo 

a  no 
o.  uy 

32..   

99.  99 

0.  93 

99.  93 

2.67 

99.  80 

4.42 

99.  62 

6. 15 

"id. 

QQ  QQ 

yy.  yy 

n  qq 
u.  yy 

QQ  Q1 

yy.  yo 

9  7Q 
L.  I  O 

qq  on 
yy.  oU 

A  AO 
4.  40 

OO  AO 

yy.  Oz 

A  OI 

0.  Zl 

i(\ 

QQ  QQ 
yy.  yy 

1  n^ 

1 .  uo 

QQ  Q9 

yy.  yz 

9  7Q 

z.  <y 

QQ  7Q 

yy.  /y 

4  £10 
4.  00 

QQ  A1 

yy.  oi 

A  07 

in 

QQ  QQ 

yy.  yy 

1  11 

QQ  Q9 

yy.  yz 

o  at; 

Z.  OO 

OQ  7Q 

yy.  /y 

A  KC\ 

4.  oy 

oo  An 

yy.  ou 

A  39 
0.  OO 

40 

QQ  QQ 
yy.  yy 

1   1  A 
1.  ID 

QQ  Q9 

yy.  yz 

O  Q1 

z.  yi 

QQ  7ft 

yy.  its 

4  A^ 
4.  00 

QQ  KO 

yy.  oy 

A  OO 
0.  00 

42  

99.99 

1.22 

99.91 

2.97 

99.  78 

4.71 

99.  59 

6. 44 

44 

QQ  Qft 

yy.  yo 

1  9ft 
1.  Lo 

QQ  Q1 

yy.  yi 

q  no 
0.  UZ 

OO  77 

yy.  /  / 

,4  7ft 

4.  /0 

OO  KQ 

yy.  oo 

A  KA 
0.  OU 

4.  ft 

QQ  Qft 

yy.  yo 

1  "iA. 
1.  01 

QQ  on 
yy.  yu 

q  no 
o.  Uo 

QQ  77 

yy.  i  i 

4  SO 
4.  OZ 

OO  £7 

yy.  0/ 

A  KA 
0.  00 

QQ  Qft 
yy.  yo 

i  4n 

1.  1U 

qq  on 
yy.  yu 

0.  14 

OO  7A 

yy.  /0 

A  CO 

4.  OO 

OO  KA 

yy.  oo 

A  AI 
0.  01 

*»n 

QQ  Qft 

yy.  yo 

1  4^ 
1.  10 

QQ  on 
yy.  yu 

q  on 

O.  ZU 

QQ  7A 

yy.  /o 

4  Q4 

4.  y4 

OO  KA 

yy.  oo 

A  A7 
0.  0/ 

52...   

99. 98 

1.51 

99. 89 

3.  26 

99.  75 

4.99 

99.  55 

6.  73 

54  

99.98 

1.57 

99. 89 

3.  31 

99.  74 

5.  05 

99.  54 

6. 78 

56  

99.  97 

1.63 

99.  89 

3.  37 

99.  74 

5.11 

99.  53 

6.  84 

58   

99.  97 

1.69 

99.88 

3.  43 

99.73 

5.17 

99.  52 

6. 90 

60..   

99.  97 

1.74 

99.  88 

3.49 

99. 73 

5. 23 

99.  51 

6. 96 

p  _n  7c 

n  T\ 

u.  /  o 

n  ni 

U.  Ul 

n  7s; 

U.  /  O 

n  n9 
u.  uz 

n  7^ 

U.  /  0 

n  no 
u.  UO 

n  7^ 
u.  /  o 

n  n^ 
u.  yjo 

C  =  1.00  

1.00 

0. 01 

1.00 

0.  03 

1.00 

0.04 

1.00 

0.  06 

C=1.25  

1.25 

0. 02 

1.25 

0.  03 

1.25 

0.  05 

1.25 

0.  08 
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Table  15.— STADIA  REDUCTIONS— HORIZONTAL  DISTANCES 
AND  ELEVATIONS  FROM  STADIA  READINGS— Continued 


4° 

5° 

6° 

7 

3 

Minutes 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

DifT. 

Hor. 

Diff. 

dist. 

elev. 

dist. 

elev. 

dist. 

elev. 

dist. 

elev. 

0  

99. 51 

6. 96 

99. 24 

8.68 

98.91 

10. 40 

98.51 

12.10 

99.  51 

7.  02 

99.23 

8.74 

98.90 

10. 45 

98.  50 

12. 15 

4  

99.  50 

7.  07 

99.22 

8.80 

98.88 

10.  51 

98.48 

12.21 

6  

99.  49 

7.13 

99.21 

8.  85 

98.87 

10. 57 

98.  47 

12.26 

8  

99.  48 

7. 19 

99.20 

8.  91 

98.86 

10. 62 

98.  46 

12.32 

10  

99.47 

7.25 

99.19 

8.97 

98.85 

10.  68 

98.44 

12.38 

1  o 

99.  46 

7. 30 

99. 18 

9.  03 

98.83 

10. 74 

98.  43 

12. 43 

14  

99. 46 

7.  36 

99.17 

9.  08 

98.82 

10.  79 

98.  41 

12.49 

16  

99. 45 

•  7.42 

99.16 

9.14 

98.81 

10.85 

98.40 

12.  55 

18  

99. 44 

7.48 

99. 15 

9.20 

98.  80 

10. 91 

98.  39 

12.60 

20  

99.43 

7.53 

99.14 

9.25 

98.78 

10.96 

98.  37 

12.66 

oo 

mZ.-  -     

99.42 

7. 59 

99.13 

9.  31 

98.77 

11.02 

98. 36 

12.  72 

24  

99.41 

7.  65 

99.11 

9.  37 

98.76 

11.08 

98.34 

12.77 

26  

99.  40 

7.71 

99.10 

9.  43 

98.  74 

11.13 

98.  33 

12.83 

28  

99.  39 

7.  76 

99.  09 

9.  48 

98.  73 

11. 19 

98.  31 

12.88 

30  

99.  38 

7.82 

99.  08 

9.  54 

98.72 

11.25 

98.  29 

12.94 

6Z                          --   --  - 

99. 38 

7.88 

99.  07 

9.60 

89.  71 

11.30 

98.  28 

13.  00 

99.  37 

7.  94 

99.  06 

9.  65 

98.  69 

11.36 

98. 27 

13.  05 

36  

99.  36 

7.99 

99.  05 

9.71 

98. 68 

11.42 

98.25 

13.11 

38  

99.  35 

8.  05 

99.  04 

9.  77 

98.67 

11.47 

98.24 

13.17 

40  

99.  34 

8.11 

99.  03 

9.83 

98. 65 

11.53 

98.22 

13. 22 

/40 

99.  33 

8. 17 

99.  01 

9.  88 

98.64 

11.  59 

98. 20 

13. 28 

44  

99.  32 

8.22 

99.  00 

9.  94 

98.63 

11.64 

98.19 

13.  33 

46  

99.  31 

8.28 

98. 99 

10.00 

98.61 

11.70 

98.17 

13.  39 

48  

99.  30 

8.  34 

98.98 

10. 05 

98.60 

11.  76 

98.16 

13.45 

50  

99. 29 

8.  40 

98.97 

10.11 

98.  58 

11.81 

98.14 

13.  50 

c;o 

99. 28 

8.  45 

98.96 

10.17 

98.57 

11.87 

98. 13 

13. 56 

54  

99. 27 

8.  51 

98.  94 

10.  22 

98.  56 

11.  93 

98.11 

13. 61 

OO.  -  -     

99. 26 

8.  57 

98.93 

10. 28 

98.  54 

11.98 

98. 10 

13. 67 

58  

99.25 

8.  63 

98.92 

10.34 

98.  53 

12.  04 

98.  08 

13. 73 

fin 

99.  24 

8. 68 

98.  91 

10.  40 

98.  51 

12.10 

98.  06 

13. 78 

C=0.75  

0.  75 

0.  06 

0.  75 

0.07 

0.  75 

0.  08 

0. 74 

0.10 

C=1.00  

1.00 

0.  08 

0.99 

0.  09 

0.99 

0.11 

0.  99 

0.13 

C=1.25   

1.25 

0.10 

1.24 

0.11 

1.24 

0. 14 

1.24 

0.16 

29 
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Table  15.— STADIA  REDUCTIONS— HORIZONTAL  DISTANCES 
AND  ELEVATIONS  FROM  STADIA  READINGS— Continued 


8° 

9° 

ID 
11 

0 

11 

Minutes 

nor. 

Din. 

IT  „_ 

Mor. 

Din. 

Hor 

Din". 

Hor. 

lJlll . 

dist. 

elev. 

dist. 

elev. 

dist 

elev . 

U1M  . 

elev. 

0  

no 

yo.  Uo 

13.  /8 

97.  55 

15.  45 

96.98 

17. 10 

96.36 

18.73 

•i 

no  nK 

13.  84 

97.  53 

15.  51 

96.96 

17.16 

96.  34 

18.  78 

4 

98.  03 

13.  89 

97.  52 

15.  56 

96.  94 

17.  21 

96.  32 

18.  84 

o 

98.  01 

13.  95 

97.  50 

15.62 

96.  92 

17.  26 

96.  29 

18.  89 

s 

°  

98.00 

14.  01 

97.  48 

15.  67 

96. 90 

17.  32 

96.  27 

18. 95 

10 

IK)  

OT  no 
\)t.  ya 

14.  06 

97.  46 

15.  73 

96.  88 

17.  37 

96.  25 

19.  00 

12  

97. 97 

14,  12 

97.  44 

- 

15.  /8 

96.86 

17.  43 

96.  23 

19.05 

14 

97.  95 

14.  17 

97.  43 

15.  84 

96.  84 

17.  48 

96.  21 

19. 11 

16 

97.93 

14.  23 

97.41 

15.89 

96!  82 

17.  54 

96. 18 

19. 16 

18 

97.92 

14.  28 

97.  39 

15.95 

96.  80 

17.  59 

96.  16 

19.  21 

•'0 

y/.  yu 

1  A  1A 

14.  <}4 

97.  37 

16.  00 

96*  78 

17.  65 

96. 14 

19.  27 

22 

97.  88 

1 A  An 
14.  4U 

97.  35 

16.  06 

96.76 

17.70 

96. 12 

19.32 

94 

97. 87 

14.  45 

97.  33 

16.  11 

96.  74 

17.  76 

96.  09 

19.  38 

26 

97.  85 

14.  51 

97.  31 

16. 17 

96.  72 

17.  81 

96.  07 

19.  43 

'78 

-°  

97.  83 

14.  56 

97.29 

16.22 

96.  70 

17.  86 

96.  05 

19.  48 

30 

97.  82 

14.  62 

97.  28 

16.  28 

96.  68 

17.  92 

96.  03 

19.  54 

32  

9/.  80 

1  A    C  — 

14.  tw 

97.  26 

16.  33 

96.  66 

17. 97 

96.00 

19.59 

34 

97.  78 

14.  73 

97.  24 

16.  39 

96.  64 

18.  03 

95. 98 

19.  64 

36 

97.76 

14.  79 

97.  22 

16.  44 

96.  62 

18.  08 

95!  96 

19!  70 

38 

97.  75 

14.84 

97.  20 

16.  50 

96.  60 

18. 14 

95.  93 

19!  75 

40 

97.  73 

14.  90 

97.  18 

16.  55 

96.  57 

18. 19 

95.  91 

19.  80 

42  

97.  71 

14. 95 

97. 16 

16.  61 

96.  55 

18.24 

95.  89 

19.86 

44 

97.  69 

15.  01 

97. 14 

16.  66 

96.  53 

18.  30 

95.  86 

19.  91 

46 

97.68 

15.06 

97.  12 

16.  72 

96.  51 

18.  35 

95.  84 

19.  96 

48 

97.66 

15. 12 

97. 10 

16.  77 

96.  49 

18.  41 

95.  82 

20.  02 

50 

97.64 

15. 17 

97.08 

16.  83 

96.  47 

18.  46 

95.  79 

20.  07 

52  

97.  62 

15.23 

97.06 

16.88 

96.  45 

18.51 

95.  77 

20. 12 

54  

97.61 

15. 28 

97.04 

16. 94 

96.  42 

18.  57 

95.  75 

20. 18 

56  

97.  59 

15.  34 

97.02 

16.99 

96.40 

18.  62 

95.72 

20.23 

58  

97.  57 

15.  40 

97.  00 

17.  05 

96.38 

18.68 

95.  70 

20. 28 

60  

97'.  55 

15."  45 

96!  98 

17!  10 

96.36 

18.73 

95.68 

20.  34 

c  =  .75                  .  . 

0.  74 

0. 11 

0.  74 

0. 12 

0.74 

0. 14 

0. 73 

0. 15 

c  =  1.00  

0.  99 

0. 15 

0.99 

0.16 

0.  98 

0. 18 

0. 98 

0.  20 

c  =  1.25  

1.23 

0. 18 

1.23 

0.21 

1.23 

0.  23 

1.22 

0.  25 

30 


Table  15.— STADIA  REDUCTIONS— HORIZONTAL  DISTANCES 
AND  ELEVATIONS  FROM  STADIA  READINGS— Continued 


12 

0 

13 

0 

14 

0 

15 

0 

Minutes 





Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

dist. 

elev. 

dist. 

elev. 

dist. 

elev. 

dist. 

elev. 

0 

95.68 

20.34 

94.94 

* 

21.92 

94.15 

23. 47 

93.  30 

25.00 

n 

95.  65 

20.  39 

94.  91 

21. 97 

94. 12 

~0.  Oil 

Q°,  97 

9*;  ns 

£.0.  uo 

4 

95!  63 

20*.  44 

94.'  89 

22."  02 

94!  09 

23.58 

93.  24 

25. 10 

6 

95.61 

20.  50 

94.86 

22.08 

94.07 

23. 63 

93.21 

25. 15 

8 

95.  58 

20.  55 

94.84 

22.13 

94.04 

23.68 

93. 18 

25.20 

10 

95.  56 

20.  60 

94.81 

22. 18 

94.  01 

23.73 

93. 16 

25.  25 

12 

95.  53 

20.  66 

94.  79 

22.  23 

93.  98 

23. 78 

93. 13 

nr.  on 
LO.  ou 

14 

95.  51 

20.' 71 

94!  76 

22."  28 

93.'  95 

23.'  83 

93!  10 

25.35 

16 

95.49 

20.  76 

94.73 

22.34 

93.  93 

23.88 

93.07 

25. 40 

18 

95.46 

20.81 

94.71 

22.  39 

93. 90 

23. 93 

93.04 

25. 45 

20 

95.  44 

20.  87 

94.68 

22.  44 

93.87 

23.99 

93.  01 

25.  50 

22 

95.  41 

20.  92 

94.  66 

22.  49 

93. 84 

24.  04 

Q9  OS 

9^  >>5 

24 

95!  39 

20!  97 

94'.  63 

22!  54 

93!  81 

24.' 09 

92. 95 

25.  60 

26 

95.36 

21.03 

94.60 

22.  60 

93. 79 

24.14 

92.92 

25.  65 

28 

95.34 

21.08 

94.  58 

22.  65 

93. 76 

24.19 

92. 89 

25.70 

30 

95.  32 

21.13 

94.55 

22.  70 

93.73 

24.  24 

92. 86 

25.75 

32 

95.  29 

21. 18 

94.  52 

22.  75 

Q°.  7fl 
yo.  /  u 

91  9Q 

Q9  83 

ZO.  OKI 

34 

95!  27 

2l!  24 

94'.  50 

22!  80 

93.  67 

24.34 

92.  80 

25.  85 

36 

95.  24 

21.29 

94.  47 

22.85 

93.  65 

24.  39 

92. 77 

25.90 

38 

95.22 

21.34 

94.  44 

22.91 

93.  62 

24.44 

92.  74 

25.95 

40 

95. 19 

21.39 

94.42 

22.  96 

93.  59 

24.  49 

92.71 

26.00 

42 

95. 17 

21. 45 

94.  39 

23.  01 

93.  56 

24. 55 

Q9  PSi 

\}id.  Do 

26.  05 

44 

95.'  14 

21 !  50 

94.' 36 

23!  06 

93!  53 

24!  60 

92. 65 

26!  10 

46 

95.12 

21.55 

94.  34 

23.11 

93.50 

24. 65 

92. 62 

26. 15 

48 

95.  09 

21.60 

94.  31 

23. 16 

93.  47 

24.  70 

92.  59 

26.  20 

50 

95.  07 

21.  66 

94.  28 

23.  22 

93.  45 

24.75 

92.  56 

26.  25 

5  0 

95.  04 

21. 71 

94.  26 

23.  27 

93.  42 

24.  80 

92.  53 

26.  30 

54 

95*.  02 

2l!  76 

94'.  23 

23!  32 

93!  39 

24!  85 

92!  49 

26.' 35 

56 

94.  99 

21.  81 

94.  20 

23.  37 

93.  36 

24.  90 

92.  46 

26.  40 

58 

94.97 

2l'.  87 

94!  17 

23!  42 

93.33 

24!  95 

92!  43 

26!  45 

60 

94.  94 

21.  92 

94. 15 

23.  47 

93.  30 

9  c;  on 

—  O.  uu 

92.  40 

26.  50 

c  = 

0.75  

0. 73 

0. 16 

0.73 

0. 17 

0. 73 

0. 19 

0.  72 

0.20 

c  = 

1.00  

0. 98 

0.  22 

0. 97 

0.  23 

0.  97 

0.25 

0. 96 

0.27 

c= 

1.25  

1. 22 

0.27 

1.21 

0.29 

1.21 

0.  31 

1.20 

0.  34 

31 


Table  15.— STADIA  REDUCTIONS— HORIZONTAL  DISTANCES 
AND  ELEVATIONS  FROM  STADIA  READINGS— Continued 


16° 

17° 

18 

It 

Minutes 

Hor. 

DitT. 

Hor. 

DifT. 

nor. 

i"»;*r 
I  Jilt . 

xior. 

Din. 



(list. 

elev. 

dist. 

elev. 

dist. 

elev. 

dist. 

elev. 

0  

92.  40 

26.  50 

91. 45 

27. 96 

90. 45 



29.  39 

89.40 

30. 78 

2  

92.  37 

26.  55 

91. 42 

28.  01 

90. 42 

29.  44 

89.  36 

30.  83 

A 

92.  34 

26.  59 

91.  39 

28.  06 

90.  38 

29. 48 

89.  33 

30.  87 

92.  31 

26.  64 

91.35 

28. 10 

90.  35 

29.  53 

89.  29 

30.  92 

92.  28 

26.  69 

91.32 

28. 15 

90.  31 

29.  58 

89.  26 

30.  97 

1  O 

1U.                       -  -- 

92.  25 

26.  74 

91.  29 

28.  20 

90.  28 

29.  62 

89.  22 

31.  01 

12  

92.  22 

26.  79 

91.  26 

28.  25 

90.  24 

29.  67 

89.  18 

31.06 

1  A 

14.---  .   

92. 19 

26.  84 

91.  22 

28.  30 

OA  01 

yu.  zi 

00  70 

UO    1  £ 

oy.  10 

31. 10 

i  a 

92.  15 

26.  89 

91. 19 

28.  34 

OO   1  sj 

yu.  10 

29.  76 

UO    1  1 

oy.  11 

31. 15 

92. 12 

26.94 

91.  16 

28.  39 

OO    1  A 

yu.  14 

00  U1 

01 

89.  08 

31. 19 

20.      —    -  — 

92.  09 

26.  99 

91.  12 

28.  44 

on  1 1 

yu.  11 

29.  86 

89.  04 

31.  24 

22  

92.  06 

27.  04 

91.  09 

28.  49 

90.  07 

29.90 

89.00 

31.28 

OA 

Z4  -                --_         -  .-- 

92.  03 

27.  09 

91.  06 

28.  54 

on  r\A 
yu.  U4 

00  o>; 

88.  96 

31.  33 

26.      — 

92.  00 

27.  13 

91.  02 

28.  58 

90.  00 

'JO  00 

oU.  UU 

88.  93 

31.  38 

28.       -  -  - 

91.97 

27.  18 

90.  99 

28.  63 

89.  97 

30.  04 

88.  89 

31.  42 

in 

JU-  

91.  93 

27.  23 

90.  96 

28.  68 

on  oq 

ay.  vo 

OA  OO 

ou.  uy 

UU  Uft 

00.  00 

31.  47 

32  

91.  90 

27.  28 

90.  92 

28.  73 

89.  90 

30.  14 

88.82 

31.51 

91.  87 

27.  33 

90.  89 

28.  77 

89.  86 

in  1 0 
ou.  iy 

US  70 

00.  10 

31.  56 

36.         -  -   

91.84 

27.38 

90.  86 

28.  82 

89.  83 

■JO  09 

60.  16 

UU  7R 
OO.  IO 

31.  60 

38.              --        --  - 

91.81 

27.  43 

90.  82 

28.  87 

89.  79 

30.  28 

88.  71 

31.  65 

<  ii 

91.  77 

27.  48 

90.  79 

28.  92 

WO  7ft 

oy.  to 

QO  11 
60.  6L 

v  W  ft7 

OO.  0/ 

31.  69 

42  

91.  74 

27.  52 

90.  76 

28.  96 

89.  72 

30.  37 

88.64 

31.74 

44.  .   

91.  71 

27.  57 

90.  72 

29.  01 

uo  fto 

oy.  oy 

QO  A1 

60.  4 1 

UQ  ftO 

00.  OU 

31.  78 

i  ft 

40-  -   

91.  68 

27.  62 

90.  69 

29.06 

UO  ftK 

0».  00 

'JO  Aft 

60.  40 

uu  r.a 
OO.  00 

31.  83 

48.-  -    --    --  -  — 

91.  65 

27.  67 

90.  66 

29. 11 

89.  61 

•JO  R1 

«JU.  01 

88.  53 

31.  87 

91.  61 

27.  72 

90.  62 

29.15 

uo  i^u 
oy.  00 

QO  Ktl 
60.  DO 

UU  AO 

00. 4y 

31.  92 

52  

91.  58 

27.  77 

90.  59 

29.  20 

89.54 

30.60 

88. 45 

31.  96 

54  

91.  55 

27.  81 

90.  55 

29.  25 

89.51 

30.  65 

88.41 

31.01 

56  

91.  52 

27.86 

90.  52 

29.  30 

89.47 

30.69 

88.38 

32.  05 

58  

91.  48 

27  91 

90.  48 

29.  34 

89.44 

30.74 

88.34 

32.09 

60  

91^45 

27!  96 

90^45 

29!  39 

89.  40 

30.  78 

88.30 

32.  14 

c  =  0.75 

0.  72 

0.21 

0.  72 

0.23 

0.71 

0.  24 

0.  71 

0.  25 

e  =  1.00  

0.  96 

0.  28 

0.  95 

0.  30 

0.  95 

0.  32 

0.94 

0.  33 

1.20 

0.  35 

1.  19 

0.  38 

1.  19 

0.40 

1.  18 

0.  42 

32 


Table  15.— STADIA  REDUCTIONS— HORIZONTAL  DISTANCES 
AND  ELEVATIONS  FROM  STADIA  READINGS— Continued 


20° 

21° 

22° 

23° 

A.  \  i  n  1 1  ♦  r»c 

Hor. 

Diff. 

Hor. 

DiH. 

Hor. 

Diff. 

Hor. 

Diff. 

dist.' 

elcv. 

dist. 

elev. 

dist.' 

elev. 

dist.' 

elev. 

0  

88.  30 

32. 14 

87. 16 

33. 46 

85.  97 

34.  73 

84.  73 

35  97 

•) 

88.  26 

32. 18 

87. 12 

33.  50 

85!  93 

34.  77 

84.  69 

00.  Ul 

4 

88.  23 

32.  23 

87.  08 

33.  54 

85  89 

34!  82 

84.  65 

36  05 

D 

88~.  19 

32!  27 

87!  04 

33*.  59 

85!  85 

34!  86 

84!  61 

36!09 

88.  15 

32.  32 

87.00 

33.  63 

85.  80 

34.90 

84.  57 

36.13 

10 

88. 11 

32.  36 

86.  96 

33.  67 

85.  76 

34.  94 

84  52 

'\f\  1 7 

uD.  1  / 

12  

88.  08 

32.  41 

86.  92 

33.  72 

85.  72 

34.  98 

84.  48 

36.  2 1 

14 

88  .  04 

32.  45 

86.  88 

33!  76 

85.  68 

35!  02 

84.  44 

00.  *«> 

16 

88!  00 

32!  49 

86!  84 

33!  80 

85!  64 

35!  07 

84!  40 

36.  29 

18 

87.96 

32.54 

86.  80 

33.84 

85.  60 

35. 11 

84.35 

36.  33 

20 

87.  93 

32.  58 

86.  77 

33.  89 

85.  56 

35  15 

84.  31 

OU.  0/ 

22  

87.  89 

32.  63 

86.  73 

33.  93 

85.  52 

35. 19 

84.  27 

36.  41 

24 

87.  85 

32  67 

86.  69 

33!  97 

85.  48 

35.  23 

84.  23 

36  45 

26 

87!  81 

32!  72 

86!  65 

34!  01 

85!  44 

35!  27 

84*.  18 

30!  49 

28 

87.  77 

32.  76 

86.  61 

34.06 

85.  40 

35.  31 

84. 14 

36.  53 

30 

87.  74 

32.  80 

80.  57 

34. 10 

85.  36 

35.  36 

84. 10 

36  57 

87.  70 

32.  85 

86.  53 

34.  14 

85.  31 

35.  40 

84.  06 

36.  61 

34 

87.  66 

32.  89 

86.  49 

34. 18 

85!  27 

35!  44 

84.  01 

36  65 

36 

87!  62 

32!  93 

86!  45 

34!  23 

85!  23 

35!  48 

83*.  97 

36!  69 

38 

87.  58 

32.98 

86.41 

34.27 

85.  19 

35.  52 

83.  93 

36.73 

40 

87.  54 

33.  02 

86.  37 

34.  31 

85.  15 

35.  56 

83.  89 

36.  77 

42  

87.  51 

33.  07 

86.  33 

34.  35 

85.  11 

35.  60 

83.  84 

36.  80 

44 

87  47 

33!  11 

86.  29 

34.  40 

85.  07 

35.  64 

83.  80 

36.  84 

46 

87!  43 

33!  15 

86!  25 

34!  44 

85!  02 

35!  68 

83!  76 

36!88 

48 

87.39 

33.  20 

86.21 

34.48 

84.98 

35.  72 

83. 72 

36.  92 

50 

87.  35 

33.  24 

86. 17 

34.52 

84.94 

35.76 

83,67 

36.  96 

r>2  

87.31 

33.  28 

86. 13 

34.57 

84.90 

35.80 

83.63 

37.00 

54  

87.  27 

33.33 

86.09 

34.  61 

84.86 

35.  85 

83.  59 

37.04 

56  

87.  24 

33.37 

86.05 

34.65 

84.82 

35.89 

83.54 

37.08 

58  

87.  20 

33.41 

86.  01 

34.69 

84.77 

35.  93 

83.50 

37. 12 

60  

87.  16 

33.46 

85.  97 

34.73 

84.73 

35.  97 

83.46 

37. 16 

c  =  0.75  

0.  70 

0.  26 

0.  70 

0. 27 

0.  69 

0.  29 

0.  69 

0.  30 

c  =  1.00  

0.94 

0.  35 

0.  93 

0.  37 

0.  92 

0.  38 

0.92 

0.40 

c  =  1.25  

1. 17 

0.  44 

1. 16 

0.46 

1.  15 

0.48 

1.15 

0.  50 

33 


Table  15.— STADIA  REDUCTIONS— HORIZONTAL  DISTANCES 
AND  ELEVATIONS  FROM  STADIA  READINGS— Continued 


24 

25 

26° 

27 

0 

Minutes 

Hor. 

DifT. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

(list. 

elev. 

dist. 

elev. 

elev . 

dist. 

elev. 

0    

83.46 

37. 16 

82. 14 

38.  30 

80.  78 

39.40 

79  39 

40.45 

2  

83.41 

37. 20 

82.  09 

38.  34 

80.  74 

39.  44 

79.  34 

40.49 

4  

83.  37 

37.  23 

82.  05 

38.  38 

80.  69 

39.47 

79.  30 

40.  52 

6.    ...  

83.  33 

37.  27 

82.  01 

38.41 

80.  65 

39  51 

79.  25 

40.  55 

8..  .  -   

83.  28 

37.  31 

81.  96 

38.45 

80!  60 

39!  54 

79.  20 

40.  59 

10.  _        .  . 

83.  24 

37.  35 

81.  92 

38.  49 

80.  55 

39.  58 

79.  15 

40.  62 

12  

83.  20 

37.  39 

81.87 

38.  53 

80.51 

39.  61 

79.  11 

40.66 

14.  .  .__    ..  ______ 

83. 15 

37.  43 

81.  83 

38.  56 

80.46 

39.  65 

79.  06 

40.  69 

16.  -      - 

83. 11 

37.  47 

81.  78 

38.  60 

80.  41 

39  69 

79.  01 

40.  72 

18. .    ________ 

83.  07 

37.  51 

81.  74 

38.  64 

SO.  37 

39~.  72 

78.  96 

40.  76 

20.    _                .  .  .  -. 

83.  02 

37.  54 

81.  69 

38.  67 

80.  32 

39.  76 

78.92 

40.  79 

22  

82.98 

37.  58 

81.65 

38.71 

80.  28 

39.  79 

78.  87 

40.  82 

24   __ 

82.  93 

37.  62 

81.  60 

38.  75 

80.23 

39.  83 

78.82 

40.86 

26..  -                  ...  -. 

82.  89 

37.  66 

81.  56 

38.  78 

80  18 

39.  86 

78.  77 

40.  89 

28   ------- 

82.  85 

37.  70 

81.  51 

38.  82 

80'.  14 

39^90 

78.  73 

40.  92 

30...                       -  .- 

82.  80 

37.  74 

81.  47 

38.  86 

80.09 

39.  93 

78.  88 

40.96 

32  

82.  76 

37.  77 

81.42 

38.  89 

80.04 

39.  97 

78.  63 

40.99 

34            -  .        .  --. 

82.  72 

37.81 

81.  38 

38.  93 

80.00 

40.00 

78.  58 

41.  02 

36.  ------ 

82.  67 

37.  85 

81.  33 

38.  97 

79  95 

40.  04 

78.  54 

41.06 

38_._    ______   .. 

82.  63 

37.  89 

81.  28 

39.  00 

79!  90 

40."  07 

78.  49 

41.  09 

40-.  -    --    . 

82.  58 

37.  93 

81.  24 

39.  04 

79.  86 

40. 11 

78.  44 

41. 12 

42  

82.  54 

37.  96 

81. 19 

39.08 

79.81 

40.  14 

78.  39 

41. 16 

44                      --.  ... 

82.  49 

38.  00 

81. 15 

39. 11 

79.  76 

41.18 

78.  34 

41. 19 

46  

82.  45 

38.  04 

81. 10 

39. 15 

79  72 

40.  21 

78.  30 

41.22 

48  

82.  41 

38.  08 

81.  06 

39. 18 

79.'  67 

40!  24 

78.  25 

41.26 

50  --. 

82.  36 

38.  11 

81.  01 

39.  22 

79.  62 

40.  28 

78.  20 

41.29 

52  

82.  32 

38. 15 

80.  97 

39.  26 

79.  58 

40.  31 

78. 15 

41.32 

54  

82.  27 

38. 19 

80.  92 

39.  29 

79!  53 

40!  35 

78.  10 

41.35 

56  

82.  23 

38.  23 

80.  87 

39.  33 

79.  48 

40.  38 

78.06 

41.39 

58  

82. 18 

38.  26 

80.  83 

39.  36 

79.  44 

40.  42 

78.01 

41.42 

60  

82.  14 

38.  30 

80.  78 

39.  40 

79.  39 

40.45 

77.  96 

41.45 

0'.  68 

0  31 

0  68 

0  32 

0.  67 

0.  33 

0.  66 

0.  35 

c=1.00  

0.91 

0.41 

0.  90 

0.43 

0.  89 

0.45 

0.  89 

0.46 

c  =  1.25  

1. 14 

0.  52 

1. 13 

0.  54 

1.12 

0.  56 

1. 11 

0.58 
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Table  15. — STADIA  REDUCTIONS — HORIZONTAL  DISTANCES 
AND  ELEVATIONS  FROM  STADIA  READINGS— Continued 


28 

29° 

30° 

Minutes 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

dist. 

elev. 

dist. 

elev. 

dist. 

elev. 



0   

77. 96 

41.45 

76.  50 

42. 40 

75.  00 

43.  30 

2  

77.  91 

41.  48 

76.45 

42.  43 

74. 95 

43.  33 

4.     

77.  86 

41.  52 

76.  40 

42.  46 

74.90 

43.  36 

6  

77.81 

41.55 

76.  35 

42.  49 

74.85 

43.  39 

8  

77.  77 

41.58 

76.30 

42.  53 

74.  80 

43.42 

10  

77.  72 

41.  61 

76.  25 

42.  56 

74.  75 

43.45 

12  

77.67 

41.  65 

76.  20 

42.  59 

74.  70 

43. 47 

14  

77.  62 

41.  68 

76. 15 

42.  62 

74.65 

43.  50 

16  

77.  57 

41.71 

76. 10 

42.  65 

74.60 

43.  53 

18  

77.  52 

41.74 

76.05 

42.68 

74.  55 

43.  56 

20  

77.48 

41.  77 

76.  00 

42.  71 

74.49 

43.  59 

22  

77.  42 

41.  81 

75.  95 

42.  74 

74.44 

43.  62 

24  -   

77.  38 

41.  84 

75.  90 

42.  77 

74.  39 

43.  65 

26  

77.  33 

41.87 

75. 85 

42.  80 

74.  34 

43.67 

28  

77.  28 

41.90 

75.  80 

42.83 

74.29 

43.  70 

30   

77.  23 

41.93 

75.  75 

42.  86 

74.24 

43. 73 

32  

77. 18 

41.  97 

75.  70 

42. 89 

74. 19 

43.  76 

34  

77. 13 

42.  00 

75.  65 

42.92 

74. 14 

43.  79 

36  

77.09 

42.  03 

75.60 

42.  95 

74.09 

43.82 

38  

77.04 

42.  06 

75.  55 

42.98 

74.04 

43.84 

40  

76.99 

42.  09 

75.  50 

43.01 

73. 99 

43.  87 

42  

76.94 

42. 12 

75. 45 

43.04 

73. 93 

43.90 

44  

76. 89 

42. 15 

75.40 

43.  07 

73.88 

43. 93 

46  

76.84 

42. 19 

75.  35 

43. 10 

73. 83 

43. 95 

48  

76.  79 

42.  22 

75.  30 

43. 13 

73.  78 

43. 98 

50  

76.  74 

42.  25 

75.  25 

43. 16 

73. 73 

44.01 

52  

76.  69 

42.  28 

75.  20 

43. 18 

73.68 

44.04 

54  

76.64 

42.  31 

75. 15 

43.21 

73.  63 

44.  07 

56  

76.  59 

42.34 

75. 10 

43. 24 

73.  58 

44.09 

58  

76.  55 

42.  37 

75.  05 

43. 27 

73.  52 

44. 12 

60.  

76.  50 

42.40 

75.00 

43.30 

73.47 

44. 15 

c  =  0.75  

0.  66 

0.  36 

0.65 

0.  37 

0.65 

0.  38 

c  =  1.00  

0.  88 

0. 48 

0.  87 

0.49 

0.  86 

0.51 

c=1.25  

1. 10 

0.60 

1.09 

0.  62 

1.08 

0.64 
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ABNEY  LEVEL— BUBBLE  ADJUSTMENT 


Select  two  trees  or  other  objects  about  100  feet  apart  on  nearly  level  ground,  as  X  and  Y  in 
figure.  Set  a  mark  a  at  X;  then  move  to  Y.  Set  the  index  arm  of  the  Abney  at  0  and  sight  a 
from  F;move  the  Abney  up  and  down  at  Y until  some  point  b  is  found  which  apparently  is  on 
a  level  line  through  a.  Mark  point  b. 

Now  move  to  X  and  sight  b.  Move  the  Abney  up  and  down  at  X  until  some  point  c  is 
found  which  apparently  is  on  a  level  line  through  b.  Mark  point  c.  Set  a  point  d  midway 
between  a  and  c.  Line  db  is  level.  Adjust  the  level  bubble  until  (with  the  index  arm  reading 
zero)  the  bubble  will  show  level  when  the  instrument  is  sighted  from  d  to  b. 

As  a  final  test,  read  up  and  down  between  two  definite  objects  on  a  steep  slope  (30  to  45  per- 
cent). If  both  readings  are  identical,  the  insturment  is  in  good  adjustment. 


d- 

C 


Y 

Figure  8 
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LAYING  OFF  A  RIGHT  ANGLE  WITH  100-FOOT  TAPE 


40' 

\s0' 

Zero  end 
of  tape 

\ 

90° 

\         100  ft.  end 
\       of  tape 

\/ 

a 

30' 

Figure  9 

b 

(a)  Lay  off  distance  ab,  placing  pins  at  both  ends.  An  observer  should  sight  between  two 
station  points  to  check  the  alinement. 

(b)  Secure  the  zero  end  of  the  tape  at  a,  and  the  "100"  end  of  the  tape  at  6. 

(c)  Holding  the  two  free  sections,  proceed  to  the  point  where  the  section  from  a  reads  40' 
and  the  section  from  b  reads  50'.  This  point  lies  on  the  perpendicular  to  line  ab  at  a. 

Note:  At  point  c,  cross  one  section  of  the  tape  over  the  other  to  avoid  creasing  it. 
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VERTICAL  CURVES 


Figure  10 


G\—G%= Algebraic  difference  of  tangent  grades.  It  is  the  difference  between  grades  with 

like  signs  or  the  sum  of  grades  with  unlike  signs. 
y  and  M  are  in  feet,  L  and  I  are  in  stations,  and  G  is  in  percent. 
M=((?i-G2)  L/8 

y=MP+(L/2)*=(Gi-G2)  iy2L=cP,  where  c  =  (Gi-G2)/2L 
Slide  Rule  Computations,  y=MP+(L/2)t: 

1.  Set  indicator  on  A  scale  at  M  value. 

2.  Under  indicator  set  L/2  value  on  C  scale. 

3.  Move  indicator  to  I  value  on  C  scale. 

4.  Under  indicator  read  y  value  on  A  scale. 

Example  No.  1:  Gi=+5.2%,  G2=-1.2%,  £=500',  and  Z=147' 
M=  [+5.2- (-1.2)]  5/8  =  (6.4)  (0.625)  =4.00' 
y  =  (4.00)  (1.47)2/(2.5)2=1.38' 
Calculator  Computation  Using  Table  of  Squares,  y=cl2: 

1.  Compute  the  value  of  c=(G\—Gi)I2L. 

2.  Set  the  value  of  c  in  the  calculator  as  a  constant  multiplier. 

3.  Find  the  value  of  Z2  and  multiply  by  c,  giving  the  value  of  y. 
Example  No.  2:  Gi  =  +5.2%,  G2=-1.2%,  i=500',  and  Z=147' 

c=[+5.2-(-1.2)]/(2)(5)  =6.4/10=0.64 

y  =  (1.47)2  (0.64)  =  (2.1609)  (0.64)  =1.383'=1.38' 
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Table  16.— PHOTOGRAMMETRIC  SCALES 


Scale 

Miles  per 
inch 

Feet  per 
inch 

_  _  _ 

0. 095 
.189 
250 
!316 
.500 
.631 

500 
1,000 
1  320 
l',667 
2,640 
3,333 

1  .10  AAA 

1"15  840 

1:20,000  .  

1:31,680.—    _. 

1:40,000      
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OBSERVATION  OF  POLARIS  AT  AN  HOUR  ANGLE 

The  sample  observation  (fig.  11A)  assumes  the  star  can  be  seen  by  the  naked  eye  and  that 
the  required  accuracy 'is  only  needed  to  the  nearest  minute  of  angle.  Higher  order  accuracy 
may  be  obtained  by  refining  the  functional  values  and  using  a  precise  instrument. 

Explanation  of  sample  observation  (see  also  figs.  11B  and  12): 
Tables  needed 

(a)  "Ephemeris  of  the  Sun,  Polaris  and  Other  Selected  Stars."  (This  pamphlet  is 
published  each  year  by  the  Bureau  of  Land  Management;  also  most  instrument  manufac- 
turers publish  pocket  "Ephemeris"  each  year  which  includes  tables  of  azimuth  for  hour 
angles.) 

(b)  Correction  tables  for  longitude  ("Table  17,  Corrections  for  Sidereal  Conversions"). 
Step  I:  a.  Determine  latitude  and  longitude  by  scaling  from  U.S.G.S.  topographic  or 

Forest  map. 

b.  Determine  correctness  of  watch  time  with  standard  time  by  radio  signal  or  other 
accurate  reference. 

c.  Obtain  declination  of  Polaris  from  the  "Ephemeris"  for  the  date  of  the  observation. 
("Table  of  Polaris  for  the  Meridian  of  Greenwich,"  civil  date  and  mean  time). 

Step  II:  a.  Observe  star  with  telescope  in  direct,  reverse,  reverse,  and  direct  positions. 

b.  Record  time  at  instant  star  intersects  vertical  crosshair. 

c.  Read  horizontal  angle,  noting  direction  turned  from  reference  point  to  star. 
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POLARIS  OBSERVATION 


Observation  hy 
qtntinr,A  "SOUTM 


.Dote 


4-  Z4.-GTT 


Latitude 


47o08,3O" 


Decl.  Polaris 


8S°0<£;  45.65' 


N.      Longitude  JlS°^r_30^_  w_ 


Wa  tch  reads 


coeeECT  MTM.  ^TD 


W.T.  M_h4lm00s 
W.E.  Mo**  m_s. 
HI__7_h47mOPs 

Long.Corr.  43  mJOs 
L.M.T.  _T_h03  m30s. 


Wa  tch  Time 


Horiz.  Angle 
D  i  r.  o  f  Star 


7.41 


3°  49'  £T. 


3°47 


7:4ft 


3°  46' 


7.'55 


3°  44' 


Sum 
Mean 


26:186 


!Zd18&' 


7.47 


3°  46.5' 


Gr.  U.C.  A. My 

Red.  to  Long.  

L.M.T.  of  U.C.  A. Mi 
L.M.T.  of  Obs.P.M. 
H.  A.  Polaris  


II  h  51.9 
-  1-3 


50.& 


+  12. 
7  h     Q3.S  m 

7 h       IZ.9  m 


Lati  f ude« 


7  h08.Sm 
7  h|?.9m 


7  hl8.8 


46 


47.1°  I  4&< 


72.4 
II  .9 


73.9 


71.3 


15.1 


14.6 


72.8    7  4.0 


Inter.  A z 
Cor  r.  to  Az 
True  Az.  _ 


73.4 


Q.3 


73.7 


Hor.  Angle 


3°  46.5 


Bearing 


M.5°oo'  \M 


Figure  11a 
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d.  Obtain  mean  values  for  watch  time  and  horizontal  angle. 

Step  III:  Determine  local  mean  time  of  obervation  by  correcting  the  mean  watch  time 
of  the  observation  according  to  the  watch  error  (if  any)  and  by  using  the  table  for  "Con- 
version of  Arc  to  Time"  in  the"Ephemeris"  arrive  at  the  local  mean  time  of  the  observation. 
Note:  If  watch  is  slow  of  standard  time  difference  is  to  be  added;  if  watch  is  fast  difference 
is  to  be  subtracted  from  mean  watch  time.  In  the  sample  observation  mountain  standard 
time  is  based  upon  105°  W.  longitude  whereas  the  longitude  of  the  station  is  115°52'30"  W. 
The  difference  of  10°52'30"  in  arc  is  equal  to  43m308  in  time  and  is  subtracted  from  corrected 
watch  time  to  obtain  L.M.T.  If  the  station  were  east  of  the  controlling  meridian  this  dif- 
ference would  be  added. 

Step  IV:  a.  From  the  "Ephemeris"  obtain  the  time  of  upper  culmination  at  Greenwich 
meridian  and  subtract  a  correction  of  1.3  minutes  to  obtain  L.M.T.  of  U.C.  This  correction 
factor  varies  with  longitude,  being  a  proportionate  part  of  the  difference  (about  3  minutes, 
56  seconds  per  day)  between  sidereal  and  mean  time.  The  star  day  is  3m568  shorter  than  the 
solar  day  (fig.  11B). 


Figure  11b 


b.  The  difference  between  L.M.T.  of  U.C.  and  L.M.T.  of  the  observation  is  the  "Hour 
Angle"  of  Polaris.  If  the  computed  H.A.  is  less  than  llh58m  the  star  is  west  of  meridian;  if 
greater  than  llh58m  star  is  east  of  meridian.  In  the  latter  case  subtract  the  H.A.  obtained 
from  23h56m,  since  "Ephemeris"  tabulations  do  not  read  beyond  H.A.  of  llh58m.  If  the  H.A. 
obtained  is  greater  than  llh58m  (star  east  of  meridian)  then  the  time  for  U.C.  for  the  day 
after  the  observation  must  be  used.  Also,  remember  that  the  orbit  of  Polaris  is  counterclock- 
wise. 
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Step  V:  Using  the  latitude  of  the  station  and  the  H.A.  of  Polaris  interpolate  from  the 
table  of  "Azimuth  of  Polaris  at  All  Hour  Angles"  in  the  "Ephemeris"  for  the  azimuth  of  the 
star. 

Step  VI:  Based  upon  the  star's  declination  apply  the  correction-to-azimuth  factor  by 
interpolating  from  "Correction  to  Azimuth"  table  in  the  "Ephemeris."  Apply  the  resultant 
true  azimuth  to  the  mean  horizontal  angle  to  obtain  bearing  of  reference  line.  (fig.  12) 


Figure  12 


Note:  Hour  angle  observations  of  Polaris  may  be  taken  in  daylight  if  the  atmosphere  is 
clear.  In  this  case  the  star  cannot  be  seen  with  the  naked  eye,  but  the  star  may  be  located  as 
follows: 

(1)  Carefully  focus  telescope  on  infinity. 

(2)  Estimate  anticipated  time  of  observation. 

(3)  Determine  approximate  bearing  of  reference  line  as  nearly  as  possible. 

(4)  Determine  H.A.  of  star  as  shown  in  sample  observation. 

(5)  Using  approximate  H.A.  found  in  (4)  interpolate  for  the  azimuth  of  Polaris  and 
determine  location  of  star  in  its  orbit  (east  or  west  of  meridian) . 

(6)  To  determine  the  vertical  angle  to  be  used:  To  the  latitude  of  the  station  apply  the 
adjustment  to  the  elevation  of  the  pole  which  is  obtained  by  interpolating  in  the 
proper  "Ephemeris"  table.  This  table  shows  subtractive  factors  when  the  star  is 
above  the  pole  and  additive  factors  when  the  star  is  below  the  pole.  These  signs  are  used 
when  the  vertical  angle  is  known.  In  our  case  the  vertical  angle  is  unknown,  and  the 
signs  of  these  factors  are  to  be  reversed.  Thus,  to  the  latitude  of  the  station  we  add 
or  subtract  the  adjustment  to  the  pole,  and  add  the  refraction  in  zenith  distance,  also 
found  in  the  "Ephemeris."  Now,  all  the  data  needed  to  locate  the  star  is  known.  After 
the  star  is  located  begin  the  observing  program  shown  in  fig.HA.  A  black  cloth  around 
the  telescope  eyepiece  is  usually  of  help  in  seeing  the  star  in  daylight. 
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OBSERVATION  OF  POLARIS  AT  ELONGATION 

(Example.— Date,  April  24,  1967;  latitude,  46°32'  N.;  longitude,  110°36'  W.  Latitude  and 
longitude  derived  from  J^-inch  Forest  map  by  interpolation) 


Mean  time  of  eastern  elongation  at  Greenwich,  April  24, 1967   5h55.9m  a.m. 

Correction  (subtractive)  for  longitude  110°36'  from  table  of  Si- 
dereal conversions   1.2m 


Time  of  eastern  elongation,  corrected  for  longitude,  April 

24,1967     5^54.7*  a.m. 

Correction  to  time  of  elongation,  latitude  46°32'  N.  (additive)   0.8m 


Local  mean  time  of  eastern  elongation,  April  24, 1967   5h55.5m  a.m. 

Longitude  of  observation   110°36'  W. 

Longitude  of  Mountain  (watch)  time   105°0'  W. 


Difference  in  longitude    5°36' 

Relation  of  longitude  to  time,  multiply  by  4   4' 


Difference  in  time   22=24"=         22. 4™ 

Local  mean  time  of  eastern  elongation   5h55.5m  a.m. 

Watch  is  fast  of  local  me?^  time   +22.4™ 


Local  watch  time  of  v.  serv    on   6h17.9m  a.m. 


Interpolating  in  Ephemens  for  latitude  46°32'  N.  and  declination  +89°06'45.65"  =  1°16.65' 
equals  N.  1°17'  E.  azim  th  of  Polaris. 

For  true  meridian  t  before,  lay  off  to  left  if  eastern  elongation  and  to  right  if  western 
elongation. 

Table  17.— CORRECTIONS  FOR  SIDEREAL  CONVERSIONS 


Long 

itude 

Long. 

0° 

00' 

2° 

30' 

5° 

00' 

7° 

30' 

10° 

00' 

12° 

30' 

15° 

00' 

Minutes 

Hours 

0 

10 

20 

30 

40 

50 

60 

o 

m 

s 

m 

s 

m  s 

m 

s 

m 

s 

m 

s 

m 

s 

0 

0 

0 

00 

0 

02 

0 

03 

0 

05 

0 

07 

0 

08 

0 

10 

15 

1 

0 

10 

0 

11 

0 

13 

0 

15 

0 

16 

0 

18 

0 

20 

30 

2 

0 

20 

0 

21 

0 

23 

0 

25 

0 

26 

0 

28 

0 

30 

45 

3 

0 

30 

0 

31 

0 

33 

0 

34 

0 

36 

0 

38 

0 

39 

60 

4 

0 

39 

0 

41 

0 

43 

0 

44 

0 

46 

0 

48 

0 

49 

75 

5 

0 

49 

0 

51 

0 

53 

0 

54 

0 

56 

0 

57 

0 

59 

90 

6 

0 

59 

1 

01 

1 

02 

1 

C4 

1 

06 

1 

07 

1 

09 

105 

1 

09 

1 

11 

1 

12 

1 

14 

1 

15 

1 

17 

1 

19 

120 

8 

1 

19 

1 

20 

1 

22 

1 

24 

1 

25 

1 

27 

1 

29 

135 

9 

1 

29 

1 

30 

1 

32 

1 

34 

1 

35 

1 

37 

1 

38 

150 

10 

1 

38 

1 

40 

1 

42 

1 

43 

1 

45 

1 

47 

1 

48 

165 

11 

1 

48 

1 

50 

1 

52 

1 

53 

55 

1 

56 

1 

58 

180 

12 

1 

58 

2 

00 

2 

01 

2 

03 

2 

05 

2 

06 

2 

08 

Sidereal  into  mean  solar  time:    To  be  subrtacted  from  a  sidereal  time  interval: 

Argument,  hours  and  minutes  of  sidereal  interval. 

Mean  solar  into  sidereal  time:    To  be  added  to  a  mean  time  interval: 

Argument,  hours  and  minutes  of  mean  time  interval. 

For  any  stellar  observation:  Amount  to  be  subtracted  from  the  Greenwich  mean  time  of 
transit  or  elongation  to  obtain  local  mean  time:  Argument, 
longitude  west  from  Greenwich;  add  for  longitudes  east 
from  Greenwich. 
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MERIDIAN  BY  SOLAR  OBSERVATION 


Cos  A 


Sin  D 


Cos  L  Cos  H-(Tan  L  Tan  H) 
Set  1,  Direct  Set  2,  Reversed 


Time 


Time 


Time 


A= Sun's  Azimuth 
D= Declination 

H=  Altitude  corrected  for  refraction 
L= Latitude 

Set  3,  Direct  Set  4,  Reversed 


D 


Time 


Time 


D 


Time 


Time 


1.  Readings. 


Hor.<s 


Vert.<s 


Hor.<s 


Vert.<s 


Hor.<s 


Vert.<s 


Hor.<s 


Vert.<s 


2.  Readings. 


Sums. 


Mean. 


Refraction. 


Trus  alt.  H. 


Declination. 


Log  sin  D. 


Log  cos  L. 


Diff. 


Log  cos  H. 


Log  first  term. 


First  term. 


Log  tan  L. 


Log  second  term. 


Second  term. 


Nat  cos  A. 


Angle  A. 


Brg.  of  sun. 


Brg.  of  ref.  pt. 


Note. — When  sum  of  terms  is  positive  A  is  angle  between  sun  and  iV  point,  when  sum  is 
negative  A  refers  to  S  point. 
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264-905  0—67  4 


46 


47 


48 


Table  18.— NATURAL  SINES  AND  COSINES 


M. 

0° 

1° 

2° 

3° 

4° 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 



0 

o  ooooc 

1.0000 

0. 01745 

0. 99985 

0. 03490 

0. 99939 

0.05234 

0. 99863 

0. 06976 

0  9975P 

\J»  out  %J\ 

60 

1 

026 

(XX 

774 

984 

519 

938 

263 

861 

.07005 

754 

59 

2 

05£ 

(XX 

803 

984 

548 

937 

292 

860 

034 

755 

58 

3 

087 

ooc 

832 

983 

577 

936 

321 

858 

065 

75( 

57 

4 

116 

(XX 

862 

983 

606 

935 

350 

857 

09S 

74? 

56 

5 

.  001 4£ 

1.  oooc 

.  01891 

. 99982 

.03635 

.99934 

.05379 

.99855 

.  0712] 

. 9974C 

55 

6 

175 

ooc 

920 

982 

664 

933 

408 

854 

15C 

744 

54 

7 

204 

ooc 

94£ 

981 

693 

932 

437 

852 

17£ 

742 

53 

8 

235 

ooc 

978 

980 

723 

931 

466 

851 

20S 

74C 

52 

9 

262 

ooc 

.02007 

980 

752 

930 

495 

849 

237 

73S 

51 

10 

. 00291 

1.0000 

.02036 

.99979 

.03781 

.99929 

.05524 

.99847 

. 07266 

. 99736 

50 

11 

32C 

.99999 

065 

979 

810 

927 

553 

846 

295 

734 

49 

12 

34S 

999 

094 

978 

839 

926 

582 

844 

324 

731 

48 

13 

378 

999 

123 

977 

868 

925 

611 

842 

353 

729 

47 

14 

407 

999 

152 

977 

897 

924 

640 

841 

382 

727 

46 

15 

.  00436 

.99999 

. 02181 

.99976 

.99926 

.99923 

.05669 

.99839 

. 07411 

.99725 

45 

16 

465 

999 

211 

976 

955 

922 

698 

838 

44C 

723 

44 

17 

495 

999 

240 

975 

984 

921 

727 

836 

469 

721 

43 

18 

524 

999 

269 

974 

.04013 

919 

756 

834 

498 

719 

42 

19 

553 

998 

298 

974 

042 

918 

785 

833 

527 

716 

41 

20 

.00582 

.99998 

.02327 

.99973 

.04071 

.99917 

.05814 

.99831 

. 07556 

.99714 

40 

21 

611 

998 

356 

972 

100 

916 

844 

829 

585 

712 

39 

22 

640 

998 

385 

972 

129 

915 

873 

827 

614 

710 

38 

23 

669 

998 

414 

971 

159 

913 

902 

826 

643 

708 

37 

24 

698 

998 

443 

970 

188 

912 

931 

824 

672 

705 

36 

25 

. 00727 

.99997 

. 02472 

.99969 

.04217 

. 99911 

.05960 

.99822 

. 07701 

.99703 

35 

26 

756 

997 

501 

969 

246 

910 

989 

821 

730 

701 

34 

27 

785 

997 

530 

968 

275 

909 

.06018 

819 

759 

699 

33 

28 

814 

997 

560 

967 

304 

907 

047 

817 

788 

696 

32 

29 

844 

996 

589 

966 

333 

906 

076 

815 

817 

694 

31 

30 

.  00873 

.99996 

.  02618 

.99966 

.04362 

.99905 

. 06105 

.99813 

. 07846 

. 99692 

30 

31 

902 

996 

647 

965 

391 

904 

134 

812 

875 

689 

29 

32 

931 

996 

676 

964 

420 

902 

163 

810 

904 

687 

28 

33 

960 

995 

705 

963 

449 

901 

192 

808 

933 

685 

27 

34 

989 

995 

734 

963 

478 

900 

221 

806 

962 

683 

26 

35 

. 01018 

.99995 

.02763 

.99962 

.04507 

.99898 

. 06250 

.99804 

. 07991 

.99680 

25 

36 

047 

995 

792 

961 

536 

897 

279 

803 

. 08020 

678 

24 

37 

076 

994 

821 

960 

565 

896 

308 

801 

049 

676 

23 

38 

105 

994 

850 

959 

594 

894 

337 

799 

078 

673 

22 

39 

134 

994 

879 

959 

623 

893 

366 

797 

107 

671 

21 

40 

.01164 

.99993 

.02908 

.99958 

.04653 

.99892 

.06395 

.99795 

.08136 

.99668 

20 

41 

193 

993 

938 

957 

682 

890 

424 

793 

165 

666 

19 

42 

222 

993 

967 

956 

711 

889 

453 

792 

194 

664 

18 

43 

251 

992 

996 

955 

740 

888 

482 

790 

223 

661 

17 

44 

280 

992 

.03025 

954 

769 

886 

511 

788 

252 

659 

16 

45 

. 01309 

.  99991 

. 03054 

.  99953 

. 04798 

. 99885 

. 06540 

. 99786 

. 08281 

. 99657 

15 

46 

338 

991 

083 

952 

827 

883 

569 

784 

310 

654 

14 

47 

367 

991 

112 

952 

856 

882 

598 

782 

339 

652 

13 

48 

396 

990 

141 

951 

885 

881 

627 

780 

368 

649 

12 

49 

425 

990 

170 

950 

914 

879 

656 

778 

397 

647 

11 

50 

. 01454 

.99989 

.03199 

.99949 

. 04943 

. 99878 

. 06685 

.99776 

. 08426 

.99644 

10 

51 

483 

989 

228 

948 

972 

876 

714 

774 

455 

642 

9 

52 

513 

989 

257 

947 

. 05001 

875 

743 

772 

484 

639 

8 

53 

542 

988 

286 

946 

030 

873 

773 

770 

513 

637 

7 

54 

571 

988 

316 

945 

059 

872 

802 

768 

542 

635 

6 

55 

.01600 

.99987 

.03345 

.99944 

.05088 

.99870 

.06831 

.99766 

.08571 

.99632 

5 

56 

629 

987 

374 

943 

117 

869 

860 

764 

600 

630 

4 

57 

658 

986 

403 

942 

146 

867 

889 

762 

629 

627 

3 

CO 
00 

687 

986 

432 

941 

175 

866 

918 

760 

658 

625 

2 

59 

716 

985 

461 

940 

205 

864 

947 

758 

687 

622 

1 

60  [ 

.  01745 

.99985 

.03490 

.99939 

.05234 

.99863 

.06976 

.99756 

.08716 

. 99619 

 g 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos.  1 

Sin. 

Cos. 

Sin. 

M. 

89 

88 

o 

87 

0 

86 

0 

85" 

> 
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Table  18.— NATURAL  SINES  AND  COSINES— Continued 


M. 

5° 

6° 

7 

8° 

9 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

(T 

0. 08716 

0. 99619 

0. 10453 

0. 99452 

0. 12187 

0. 99255 

0. 13917 

0. 99027 

0. 15643  0.  98769 

60 

1 

745 

617 

482 

449 

216 

251 

946 

023 

672 

764 

59 

2 

774 

614 

511 

446 

245 

248 

975 

019 

701 

760 

58 

3 

803 

612 

540 

443 

274 

244 

. 14004 

015 

730 

755 

57 

4 

831 

609 

569 

440 

302 

240 

033 

011 

758 

751 

56 

5 

.08860 

.99607 

. 10597 

. 99437 

.  12331 

.99237 

. 14061 

. 99006 

. 15787 

. 98746 

55 

6 

889 

604 

626 

434 

360 

233 

090 

002 

816 

741 

54 

7 

918 

602 

655 

431 

389 

230 

119 

.98998 

845 

737 

53 

g 

947 

599 

684 

428 

418 

226 

148 

994 

873 

732 

52 

9 

976 

596 

713 

424 

447 

222 

177 

990 

902 

728 

51 

10 

. 09005 

. 99594 

. 10742 

.99421 

.  12476 

.99219 

. 14205 

. 98986 

. 15931 

. 98723 

50 

11 

034 

591 

771 

418 

504 

215 

234 

982 

959 

718 

49 

12 

063 

588 

800 

415 

533 

211 

263 

978 

988 

714 

48 

13 

092 

586 

829 

412 

562 

208 

292 

973 

. 16017 

709 

47 

14 

121 

583 

858 

409 

591 

204 

320 

969 

046 

704 

46 

15 

. 09150 

. 99580 

. 10887 

.99406 

. 12620 

.99200 

. 14349 

. 98965 

.16074 

.98700 

45 

16 

179 

578 

916 

402 

649 

197 

378 

961 

103 

695 

44 

17 

208 

575 

945 

399 

678 

193 

407 

957 

132 

690 

43 

18 

237 

572 

973 

396 

706 

189 

436 

953 

160 

686 

42 

19 

266 

570 

.  11002 

393 

735 

186 

464 

948 

189 

681 

41 

20 

. 09295 

. 99567 

.  11031 

.  99390 

. 12764 

.99182 

. 14493 

. 98944 

. 16218 

. 98676 

40 

21 

324 

564 

060 

386 

793 

178 

522 

940 

246 

671 

39 

22 

353 

562 

089 

383 

822 

175 

551 

936 

275 

667 

38 

23 

382 

559 

118 

380 

851 

171 

580 

931 

304 

662 

37 

24 

411 

556 

147 

377 

880 

167 

608 

927 

333 

657 

36 

25 

. 09440 

.99553 

. 11176 

.  99374 

. 12908 

.99163 

. 14637 

. 98923 

.16361 

.98652 

35 

26 

469 

551 

205 

370 

937 

160 

666 

919 

390 

648 

34 

27 

498 

548 

234 

367 

966 

156 

695 

914 

419 

643 

33 

28 

527 

545 

263 

364 

995 

152 

723 

910 

447 

638 

32 

29 

556 

542 

291 

360 

. 13024 

148 

752 

906 

476 

633 

31 

30 

.  09585 

. 99540 

. 11320 

.  99357 

. 13053 

.99144 

. 14781 

.  98902 

.16505 

.98629 

30 

31 

614 

537 

349 

354 

081 

141 

810 

897 

533 

624 

29 

32 

642 

534 

378 

351 

110 

137 

838 

893 

562 

619 

28 

33 

671 

531 

407 

347 

139 

133 

867 

889 

591 

614 

27 

34 

700 

528 

436 

344 

168 

129 

896 

884 

620 

609 

26 

35 

. 09729 

.99526 

. 11465 

. 99341 

. 13197 

. 99125 

. 14925 

.98880 

.16648 

.98604 

25 

36 

758 

523 

494 

337 

226 

122 

954 

876 

677 

600 

24 

37 

787 

520 

523 

334 

254 

118 

982 

871 

706 

595 

23 

38 

816 

517 

552 

331 

283 

114 

. 15011 

867 

734 

590 

22 

39 

845 

514 

580 

327 

312 

110 

040 

863 

763 

585 

21 

40 

. 09874 

. 99511 

. 11609 

. 99324 

. 13341 

. 99106 

. 15069 

. 98858 

. 16792 

.98580 

20 

41 

903 

508 

638 

320 

370 

102 

097 

854 

820 

575 

19 

42 

932 

506 

667 

317 

399 

098 

126 

849 

849 

570 

18 

43 

961 

503 

696 

314 

427 

094 

155 

845 

878 

565 

17 

44 

990 

500 

725 

310 

456 

091 

184 

841 

906 

561 

16 

45 

. 10019 

. 99497 

. 11754 

. 99307 

. 13485 

.  99087 

. 15212 

. 98836 

. 16935 

. 98556 

15 

46 

048 

494 

783 

303 

514 

083 

241 

832 

964 

551 

14 

47 

077 

491 

812 

300 

543 

079 

270 

827 

992 

546 

13 

48 

106 

488 

840 

297 

572 

075 

299 

823 

.  17021 

541 

12 

49 

135 

485 

869 

293 

600 

071 

327 

818 

050 

536 

11 

50 

. 10164 

. 99482 

.  11898 

. 99290 

. 13629 

. 99067 

.  15356 

. 98814 

. 17078 

.  98531 

10 

51 

192 

479 

927 

286 

658 

063 

385 

809 

107 

526 

9 

52 

221 

476 

956 

283 

687 

059 

414 

805 

136 

521 

8 

53 

250 

473 

985 

279 

716 

055 

442 

800 

164 

516 

7 

54 

279 

470 

.  12014 

276 

744 

051 

471 

796 

193 

511 

6 

55 

. lUoUS 

OQ/1A7 

.  yy'iD/ 

.  LlU'tO 

QQ979 

. 13773 

. 99047 

98791 

1  7999 
.  1  i  111 

.  yoouo 

5 

56 

337 

071 

269 

802 

043 

529 

787 

250 

501 

4 

57 

366 

461 

100 

265 

831 

039 

557 

782 

279 

496 

3 

58 

395 

458 

129 

262 

860 

035 

586 

778 

308 

491 

2 

59 

424 

455 

158 

258 

889 

031 

615 

773 
.  98769 

336 

486 

l 

60 

.  10453 

. 99452 

. 12187 

. 99255 

. 13917 

.99027 

. 15643 

. 17365 

.98481 

0 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

M. 

84° 

83° 

82° 

81 

8( 

)° 

50 


Table  18.— NATURAL  SINES  AND  COSINES— Continued 


M. 

10° 

11° 

12° 

lc 

o 

14° 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

o 

0. 17365 

0. 98481 

0. 19081 

0. 98163 

0. 20791 

0. 97815 

0. 22495 

0. 97437 

0. 24192 

0. 97030 

60 

1 

393 

476 

109 

157 

820 

809 

523 

430 

220 

023 

59 

2 

422 

471 

138 

152 

848 

803 

552 

424 

249 

015 

58 

3 

451 

466 

167 

146 

877 

797 

580 

417 

277 

008 

57 

4 

479 

461 

195 

140 

905 

791 

608 

411 

305 

001 

56 

5 

. 17508 

. 98455 

. 19224 

. 98135 

. 20933 

. 97784 

.22637 

. 97404 

. 24333 

. 96994 

55 

6 

537 

450 

252 

129 

962 

778 

665 

398 

362 

987 

54 

7 

565 

445 

281 

124 

990 

772 

693 

391 

390 

980 

53 

594 

440 

309 

118 

. 21019 

766 

722 

384 

418 

973 

52 

9 

623 

435 

338 

112 

047 

760 

750 

378 

446 

966 

51 

10 

. 17651 

. 98430 

. 19366 

. 98407 

.  21076 

. 97754 

. 22778 

. 97371 

. 24474 

. 96959 

50 

11 

680 

425 

395 

101 

104 

748 

807 

365 

503 

952 

49 

12 

708 

420 

423 

096 

132 

742 

835 

358 

531 

945 

48 

13 

737 

414 

452 

090 

161 

735 

863 

351 

559 

937 

47 

14 

766 

409 

481 

084 

189 

729 

892 

345 

587 

930 

46 

15 

. 17794 

. 98404 

. 19509 

. 98079 

. 21218 

. 97723 

. 22920 

.97338 

. 24615 

. 96923 

45 

16 

823 

399 

538 

073 

246 

717 

948 

331 

644 

916 

44 

17 

852 

394 

566 

067 

275 

711 

977 

325 

672 

909 

43 

18 

880 

389 

595 

061 

303 

705 

.23005 

318 

700 

902 

42 

19 

909 

383 

623 

056 

331 

698 

033 

311 

728 

894 

41 

20 

. 17937 

.98387 

. 19652 

. 98050 

. 21360 

. 97692 

. 23062 

. 97304 

. 24756 

.96887 

40 

21 

966 

373 

680 

044 

388 

686 

090 

298 

784 

880 

39 

22 

995 

368 

709 

039 

417 

680 

118 

291 

813 

873 

38 

23 

. 18023 

362 

737 

033 

445 

673 

146 

284 

841 

866 

37 

24 

052 

357 

766 

027 

474 

667 

175 

278 

869 

858 

36 

25 

. 18081 

. 98352 

. 19794 

. 98021 

. 21502 

. 97661 

.23203 

. 97271 

. 24897 

. 96851 

35 

26 

109 

347 

823 

016 

530 

655 

231 

264 

925 

844 

34 

27 

138 

341 

851 

010 

559 

648 

260 

257 

954 

837 

33 

28 

166 

336 

880 

004 

587 

642 

288 

251 

982 

829 

32 

29 

195 

331 

098 

. 97998 

616 

636 

316 

244 

. 25010 

822 

31 

30 

. 18224 

. 98325 

. 19937 

.97992 

. 21644 

.97630 

. 23345 

. 97237 

.25038 

.96815 

30 

31 

252 

320 

965 

987 

672 

623 

373 

230 

066 

807 

29 

32 

281 

315 

994 

981 

701 

617 

401 

223 

094 

800 

28 

33 

309 

310 

.  20022 

975 

729 

611 

429 

217 

122 

793 

27 

34 

338 

304 

051 

969 

758 

604 

458 

210 

151 

786 

26 

35 

. 18367 

. 98299 

. 20079 

.97963 

. 21786 

. 97598 

. 23486 

. 97203 

. 25179 

. 96778 

25 

36 

395 

294 

108 

958 

814 

592 

514 

196 

207 

771 

24 

37 

424 

288 

136 

952 

843 

585 

542 

189 

235 

764 

23 

38 

452 

283 

165 

946 

871 

579 

571 

182 

263 

756 

22 

39 

481 

277 

193 

940 

899 

573 

599 

176 

291 

749 

21 

40 

. 18509 

.  98272 

. 20222 

. 97934 

. 21928 

. 97566 

. 23627 

. 97169 

.  25320 

. 96742 

20 

41 

538 

267 

250 

928 

956 

560 

656 

162 

348 

734 

19 

42 

567 

261 

279 

922 

985 

553 

684 

155 

376 

727 

18 

43 

595 

256 

307 

916 

.  22013 

547 

712 

148 

404 

719 

17 

44 

624 

250 

336 

910 

014 

541 

740 

141 

432 

712 

16 

45 

. 18652 

. 98245 

. 20364 

. 97905 

.  22070 

. 97534 

.  23769 

. 97134 

. 25460 

. 96705 

15 

46 

681 

240 

393 

899 

098 

528 

797 

127 

488 

697 

14 

47 

710 

234 

421 

893 

126 

521 

825 

120 

516 

690 

13 

48 

738 

229 

v  450 

887 

155 

515 

853 

113 

545 

682 

12 

49 

767 

223 

478 

881 

183 

508 

882 

106 

573 

675 

11 

50 

. 18795 

. 98218 

. 20507 

. 97875 

. 22212 

. 97502 

. 23910 

.97100 

. 25601 

. 96667 

10 

51 

824 

212 

535 

869 

240 

496 

938 

093 

629 

660 

9 

52 

852 

207 

563 

863 

268 

489 

966 

086 

657 

653 

8 

53 

881 

201 

592 

857 

297 

483 

995 

079 

685 

645 

7 

54 

910 

196 

620 

851 

325 

476 

. 24023 

072 

713 

638 

6 

55 

.  lOiJOO 

QRIQfl 

. yoiyu 

. y 1 oto 

Q  747ft 

. 24051 

.97065 

. yooou 

5 

56 

967 

185 

677 

839 

382 

463 

079 

058 

769 

623 

4 

57 

995 

179 

706 

833 

410 

457 

108 

051 

798 

615 

3 

58 

. 19024 

174 

734 

827 

438 

450 

136 

044 

826 

608 

2 

59 

052 

168 

763 

821 

467 

444 

164 

037 

854 

600 

1 

60 

.19081 

.98163 

.  20791 

. 97815 

.  22495 

. 97437 

. 24192 

. 97030 

.  25882 

. 96593 

0 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

M. 

79° 

78° 

77° 

76° 

75° 

51 


Table  18.— NATURAL  SINES  AND  COSINES— Continued 


M. 

15° 

16° 

17° 

18° 

19° 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

o~ 

0.  25882 

0. 96593 

0.  27564 

0. 96126 

0. 29237 

0. 95630 

0.  30902  0. 95106 

0. 32557 

0. 94552 

60 

1 

910 

585 

592 

118 

265 

622 

929 

097 

584 

542 

59 

2 

938 

578 

620 

110 

293 

613 

957 

088 

612 

533 

58 

3 

966 

570 

648 

102 

321 

605 

985 

079 

639 

523 

57 

4 

994 

562 

676 

094 

348 

596 

.31012 

070 

667 

514 

56 

5 

. 26022 

. 96555 

. 27704 

. 96086 

. 29376 

. 95588 

. 31040 

.95061 

. 32694 

.94504 

55 

6 

050 

547 

731 

078 

404 

579 

068 

052 

722 

495 

54 

7 

079 

540 

759 

070 

432 

571 

095 

043 

749 

485 

53 

3 

107 

532 

787 

062 

460 

562 

123 

033 

777 

476 

52 

9 

135 

524 

815 

054 

487 

554 

151 

024 

804 

466 

51 

10 

. 26163 

. 96517 

. 27843 

. 96046 

. 29515 

. 95545 

. 31178 

. 95015 

. 32832 

.94457 

50 

11 

191 

509 

871 

037 

543 

536 

206 

006 

859 

447 

49 

12 

219 

502 

899 

029 

571 

528 

233 

.94997 

887 

438 

48 

13 

247 

494 

927 

021 

599 

519 

261 

988 

914 

428 

47 

14 

275 

486 

955 

013 

626 

511 

289 

979 

942 

418 

46 

15 

.26303 

. 96479 

. 27983 

.96005 

.  29654 

.  95502 

.31316 

. 94970 

. 32969 

.94409 

45 

16 

331 

471 

. 28011 

. 95997 

682 

493 

344 

961 

997 

399 

44 

17 

359 

463 

039 

989 

710 

485 

372 

952 

. 33024 

390 

43 

18 

387 

456 

067 

981 

737 

476 

399 

943 

051 

380 

42 

19 

415 

448 

095 

972 

765 

467 

427 

933 

079 

370 

41 

20 

.26443 

. 96440 

.  28123 

. 95964 

.29793 

. 95459 

. 31454 

. 94924 

.  33106 

. 94361 

40 

21 

471 

433 

150 

956 

821 

450 

482 

915 

134 

351 

39 

22 

500 

425 

178 

948 

849 

441 

510 

906 

161 

342 

38 

23 

528 

417 

206 

940 

876 

433 

537 

897 

189 

332 

37 

24 

556 

410 

234 

931 

904 

424 

565 

888 

21€ 

322 

36 

25 

.26584 

. 96402 

. 28262 

. 95923 

. 29932 

. 95415 

. 31593 

.94878 

. 33244 

. 94313 

35 

26 

612 

394 

290 

915 

960 

407 

620 

869 

271 

303 

34 

27 

640 

386 

318 

907 

987 

398 

648 

860 

298 

293 

33 

28 

668 

379 

346 

898 

. 30015 

389 

675 

851 

326 

284 

32 

29 

696 

371 

374 

890 

043 

380 

703 

842 

353 

274 

31 

30 

. 26724 

. 96363 

. 28402 

.  95882 

. 30071 

. 95372 

. 31730 

.94832 

. 33381 

. 94264 

30 

31 

752 

355 

429 

874 

098 

363 

758 

823 

408 

254 

29 

32 

780 

347 

457 

865 

126 

354 

786 

814 

436 

245 

28 

33 

808 

340 

485 

857 

154 

345 

813 

805 

463 

235 

27 

34 

836 

332 

513 

849 

182 

337 

841 

795 

490 

225 

26 

35 

. 26864 

.96324 

. 28541 

. 95841 

.  30209 

.  95328 

.31868 

. 94786 

. 33518 

.94215 

25 

36 

892 

316 

569 

832 

237 

319 

896 

777 

545 

206 

24 

37 

920 

308 

597 

824 

265 

310 

923 

768 

573 

196 

23 

38 

948 

301 

625 

816 

292 

301 

951 

758 

600 

186 

22 

39 

976 

293 

652 

807 

320 

293 

979 

749 

627 

176 

21 

40 

. 27004 

. 96285 

.28680 

.95799 

.30348 

.95284 

.32006 

.94740 

.  33655 

. 94167 

20 

41 

032 

277 

708 

791 

376 

275 

034 

730 

682 

157 

19 

42 

060 

269 

736 

782 

403 

266 

061 

721 

710 

147 

18 

43 

088 

261 

764 

774 

431 

257 

089 

712 

737 

137 

17 

44 

116 

253 

792 

766 

459 

248 

116 

702 

764 

127 

16 

45 

. 27144 

. 96246 

.  28820 

. 95757 

. 30486 

. 95240 

.  32144 

.  94693 

. 33792 

. 94118 

15 

46 

172 

238 

847 

749 

514 

231 

171 

684 

819 

108 

14 

47 

200 

230 

875 

740 

542 

222 

199 

674 

846 

098 

13 

48 

228 

222 

903 

732 

570 

213 

227 

665 

874 

088 

12 

49 

256 

214 

931 

724 

597 

204 

254 

656 

901 

078 

11 

50 

. 27284 

. 96206 

. 28959 

. 95715 

. 30625 

. 95195 

.  32282 

. 94646 

. 33929 

.94068 

10 

51 

312 

198 

987 

707 

653 

186 

309 

637 

956 

058 

9 

52 

340 

190 

. 29015 

698 

680 

177 

337 

627 

983 

049 

8 

53 

368 

182 

042 

690 

708 

168 

364 

618 

. 34011 

039 

7 

54 

396 

174 

070 

681 

736 

159 

392 

609 

038 

029 

6 

55 

. yoioo 

. zyuyo 

. yoo/o 

.  o\J/Oo 

. yoiou 

. 32419 

.  94599 

5 

56 

452 

158 

126 

664 

791 

142 

447 

590 

093 

009 

4 

57 

480 

150 

154 

656 

819 

133 

474 

580 

120 

.93999 

3 

58 

508 

142 

182 

647 

846 

124 

502 

571 

147 

898 

2 

59 

536 

134 

209 

639 

674 

115 

529 

561 

175 

979 

1 

60 

. 27564 

. 96126 

.29237 

.95630 

.30902 

. 95106 

.  32557 

. 94552 

.34202 

. 93969 

0 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

M. 

74° 

73° 

72° 

71 

• 

70° 

52 
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M 

1V1. 

20° 

21° 

22° 

23° 

24° 

Sin 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

o~ 

0. 34202 

0. 93969 

0. 35837 

0. 93358 

0. 37461 

0. 92718 

0. 39073 

0. 92050 

0. 40674 

0. 91355 

60 

1 

229 

959 

864 

348 

488 

707 

100 

039 

700 

343 

59 

2 

257 

949 

891 

337 

515 

697 

127 

028 

727 

331 

58 

3 

284 

939 

918 

327 

542 

686 

153 

016 

753 

319 

57 

4 

311 

929 

945 

316 

569 

675 

180 

005 

780 

307 

56 

5 

. 34339 

. 93919 

. 35973 

. 93306 

. 37595 

. 92664 

.  39207 

. 91994 

. 40806 

.  91295 

55 

6 

366 

909 

.36000 

295 

622 

653 

234 

982 

833 

283 

54 

7 

393 

899 

027 

285 

649 

642 

260 

971 

860 

272 

53 

g 

421 

889 

054 

274 

676 

631 

287 

959 

0  886 

260 

52 

9 

448 

879 

081 

264 

703 

620 

314 

948 

913 

248 

51 

10 

. 34475 

. 93869 

.36108 

. 93253 

. 37730 

.92609 

. 39341 

.  91936 

. 40939 

. 91236 

50 

11 

503 

859 

135 

243 

757 

598 

367 

925 

966 

224 

49 

12 

530 

849 

162 

232 

784 

587 

394 

914 

992 

212 

48 

13 

557 

839 

190 

222 

811 

576 

421 

902 

.  41019 

200 

47 

14 

584 

829 

217 

211 

838 

565 

448 

891 

045 

188 

46 

15 

. 34612 

.  93819 

. 36244 

. 93201 

. 37865 

. 92554 

. 39474 

. 91879 

. 41072 

.91176 

45 

16 

639 

809 

271 

190 

892 

543 

501 

863 

098 

164 

44 

17 

666 

799 

298 

180 

919 

532 

528 

856 

125 

152 

43 

18 

694 

789 

325 

169 

946 

521 

555 

845 

151 

140 

42 

19 

721 

779 

352 

159 

973 

510 

581 

833 

178 

128 

41 

20 

. 34748 

.  93769 

.36379 

.93148 

. 37999 

. 92499 

. 39608 

.  91822 

. 41204 

.91116 

40 

21 

775 

759 

406 

137 

. 38026 

488 

635 

810 

231 

104 

39 

22 

803 

748 

434 

127 

053 

477 

661 

799 

257 

092 

38 

23 

830 

738 

461 

116 

080 

466 

683 

787 

284 

080 

37 

24 

857 

728 

488 

106 

107 

455 

715 

775 

310 

068 

36 

25 

.34884 

. 93718 

. 36515 

.93095 

. 38134 

.92444 

. 39741 

.91764 

. 41337 

. 91056 

35 

26 

912 

708 

542 

084 

161 

432 

768 

752 

363 

044 

34 

27 

939 

698 

569 

074 

188 

421 

795 

741 

390 

032 

33 

28 

966 

688 

596 

063 

215 

410 

822 

729 

416 

020 

32 

29 

993 

677 

623 

052 

241 

399 

848 

718 

443 

008 

31 

30 

. 35021 

. 93667 

.36650 

.  93042 

.38268 

.92388 

. 39875 

. 91706 

.  41469 

.90996 

30 

31 

048 

657 

677 

031 

295 

377 

902 

694 

496 

984 

29 

32 

075 

647 

704 

020 

322 

366 

928 

683 

522 

972 

28 

33 

102 

637 

731 

010 

349 

355 

955 

671 

549 

960 

27 

34 

130 

626 

758 

.92999 

376 

343 

982 

660 

575 

948 

26 

35 

. 35157 

. 93616 

. 36785 

.  92988 

.38403 

.  92332 

.  40008 

.91648 

.  41602 

.90936 

25 

36 

184 

606 

812 

978 

430 

321 

035 

636 

628 

924 

24 

37 

211 

596 

839 

967 

456 

310 

062 

625 

655 

911 

23 

38 

239 

585 

867 

956 

483 

299 

088 

613 

681 

899 

22 

39 

266 

575 

894 

945 

510 

287 

115 

601 

707 

887 

21 

40 

. 35293 

.93565 

. 36921 

.  92935 

.  38537 

. 92276 

. 40141 

. 91590 

. 41734 

.90875 

20 

41 

320 

555 

948 

924 

564 

265 

168 

578 

760 

863 

19 

42 

347 

544 

975 

913 

591 

254 

195 

566 

787 

851 

18 

43 

375 

534 

.37002 

902 

617 

243 

221 

555 

813 

839 

17 

44 

402 

524 

029 

892 

644 

231 

248 

543 

840 

826 

16 

45 

. 35429 

. 93514 

. 37056 

.  92881 

.38671 

. 92220 

. 40275 

.  91531 

. 41866 

.90814 

15 

46 

456 

503 

083 

870 

698 

209 

301 

519 

892 

802 

14 

47 

484 

493 

110 

859 

725 

198 

328 

508 

919 

790 

13 

48 

511 

483 

137 

849 

752 

186 

355 

496 

945 

778 

12 

49 

538 

472 

164 

838 

778 

175 

381 

484 

972 

766 

11 

50 

.35565 

. 93462 

. 37191 

. 92827 

.38805 

.  92164 

. 40408 

. 91472 

. 41998 

. 90753 

10 

51 

592 

452 

218 

816 

832 

152 

434 

461 

. 42024 

741 

9 

52 

619 

441 

245 

805 

859 

141 

461 

449 

051 

729 

g 

53 

647 

431 

272 

794 

886 

130 

488 

437 

077 

717 

7 

54 

674 

420 

299 

784 

912 

119 

514 

425 

104 

704 

6 

55 

. Ou/Ul 

. yosiu 

Q7QOR 

Q977Q 

.yzt to 

QOin7 

.  y/JLUY 

Ol  A  1  A 

5 

56 

728 

400 

353 

762 

966 

096 

567 

402 

156 

uou 

4 

57 

755 

389 

380 

751 

993 

085 

594 

390 

183 

668 

3 

58 

782 

379 

407 

740 

. 39020 

073 

621 

378 

209 

655 

2 

59 

810 

368 

434 

729 

046 

062 

647 

366 

235 

643 

1 

60 

. 35837 

. 93358 

.  37461 

. 92718 

. 39073 

. 92050 

.40674 

.91355 

. 42262 

.90631 

0 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos.  1 

Sin. 

Cos. 

Sin. 

M. 

69° 

68° 

67° 

66° 

65° 

53 
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M. 

25° 

26° 

27° 

28° 

29° 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

0 

0. 42262 

0. 90631 

0. 43837 

0. 89879 

0. 45399 

0. 89101 

0. 46947 

0. 88295 

0.  48481  0. 87462 

60 

1 

288 

618 

863 

867 

425 

087 

973 

281 

506 

448 

59 

2 

315 

606 

889 

854 

451 

074 

999 

267 

532 

434 

DO 

3 

341 

594 

916 

841 

477 

061 

.  47024 

254 

557 

420 

57 

4 

367 

582 

942 

828 

503 

048 

05C 

240 

583 

406 

56 

5 

.42394 

. 90569 

. 43968 

. 89816 

.  45529 

. 89035 

. 47076 

. 88226 

.48608 

.  87391 

55 

6 

420 

557 

994 

803 

554 

021 

101 

213 

634 

377 

54 

7 

446 

545 

. 44020 

790 

580 

008 

127 

199 

659 

363 

53 

8 

473 

532 

046 

777 

606 

. 88995 

153 

185 

684 

349 

52 

9 

499 

520 

072 

764 

632 

981 

178 

172 

710 

335 

51 

10 

.  42525 

. 90507 

. 44098 

. 89752 

. 45658 

. 88968 

. 47204 

. 88158 

. 48735 

. 87321 

50 

11 

552 

495 

124 

739 

684 

955 

229 

144 

761 

306 

49 

12 

578 

483 

151 

726 

710 

942 

255 

130 

786 

292 

48 

13 

604 

470 

177 

713 

736 

928 

281 

117 

811 

278 

47 

14 

631 

458 

203 

700 

762 

915 

306 

103 

837 

264 

46 

15 

. 42657 

.90446 

. 44229 

.89687 

. 45787 

. 88902 

. 47332 

.88089 

.48862 

.  87250 

45 

16 

683 

433 

255 

674 

813 

888 

358 

075 

888 

235 

44 

17 

709 

421 

281 

662 

839 

875 

383 

062 

913 

221 

43 

18 

736 

408 

307 

649 

865 

862 

409 

048 

938 

207 

42 

19 

762 

396 

333 

636 

891 

848 

434 

034 

964 

193 

41 

20 

.42788 

.90383 

. 44359 

. 89623 

. 45917 

.88835 

.  47460 

.88020 

.  48989 

. 87178 

40 

21 

815 

371 

385 

610 

942 

822 

486 

006 

.  49014 

164 

39 

22 

841 

358 

411 

597 

968 

808 

511 

.87993 

040 

150 

38 

23 

867 

346 

437 

584 

994 

795 

537 

979 

065 

136 

37 

24 

894 

334 

464 

571 

. 46020 

782 

562 

965 

090 

121 

36 

25 

.  42920 

.90321 

.44490 

. 89558 

. 46046 

.88768 

. 47588 

. 87951 

. 49116 

. 87107 

35 

26 

946 

309 

516 

545 

072 

755 

614 

937 

141 

093 

34 

27 

972 

296 

542 

532 

097 

741 

639 

923 

166 

079 

33 

28 

999 

284 

568 

519 

123 

728 

665 

909 

192 

064 

32 

29 

. 43025 

271 

594 

506 

149 

715 

690 

896 

217 

050 

31 

30 

. 43051 

. 90259 

. 44620 

. 89493 

. 46175 

. 88701 

.  47716 

.87882 

.49242 

. 87036 

30 

31 

077 

246 

646 

480 

201 

688 

741 

868 

268 

021 

29 

32 

104 

233 

672 

467 

226 

674 

767 

854 

293 

007 

28 

33 

130 

221 

698 

454 

252 

661 

793 

840 

318 

. 86993 

27 

34 

156 

208 

724 

441 

278 

647 

818 

826 

344 

978 

26 

35 

. 43182 

. 90196 

. 44750 

. 89428 

.  46304 

. 88634 

. 47844 

. 87812 

. 49369 

.86964 

25 

36 

209 

183 

776 

415 

330 

620 

869 

798 

394 

949 

24 

37 

235 

171 

802 

402 

355 

607 

895 

784 

419 

935 

23 

38 

261 

158 

828 

389 

381 

593 

920 

770 

445 

921 

22 

39 

287 

146 

854 

376 

407 

580 

946 

756 

470 

906 

21 

40 

. 43313 

. 90133 

. 44880 

. 89363 

. 46433 

. 88566 

. 47971 

. 87743 

.  49495 

.86892 

20 

41 

340 

120 

906 

350 

458 

553 

997 

729 

521 

878 

19 

42 

366 

108 

932 

337 

484 

539 

.  48022 

715 

546 

863 

18 

43 

392 

095 

958 

324 

510 

526 

048 

701 

571 

849 

17 

44 

418 

082 

984 

311 

536 

512 

073 

687 

596 

834 

16 

45 

.  43445 

. 90070 

. 45010 

.89298 

. 46561 

. 88499 

. 48099 

. 87673 

. 49622 

.86820 

15 

46 

471 

057 

036 

285 

587 

485 

124 

659 

647 

805 

14 

47 

497 

045 

062 

272 

613 

472 

150 

645 

672 

791 

13 

48 

523 

032 

088 

259 

639 

458 

175 

631 

697 

777 

12 

49 

549 

019 

114 

245 

664 

445 

201 

617 

723 

762 

11 

50 

. 43575 

. 90007 

. 45140 

. 89232 

. 46690 

. 88431 

.  48226 

.87603 

. 49748 

. 86748 

10 

51 

602 

. 89994 

166 

219 

716 

417 

252 

589 

773 

733 

9 

52 

628 

981 

192 

206 

742 

404 

277 

575 

798 

719 

g 

53 

654 

968 

218 

193 

767 

390 

303 

561 

824 

704 

7 

54 

680 

956 

243 

180 

793 

377 

328 

546 

849 

690 

6 

55 

.  4o/Uo 

. 89943 

. 45269 

. 89167 

. 46819 

ODOCQ 

. ooooo 

.  48354 

. 87532 

. 49874 

. 86675 

5 

56 

733 

930 

295 

153 

349 

379 

518 

899 

661 

4 

57 

759 

918 

321 

140 

870 

336 

405 

504 

924 

646 

3 

58 

785 

905 

347 

127 

896 

322 

430 

490 

950 

632 

2 

59 

811 

892 

373 

114 

921 

308 

456 

476 

975 

617 

1 

60 

.  43837 

.  89879 

.45399 

.  89101 

. 46947 

.88295 

. 48481 

. 87462 

.50000 

.86603 

0 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

M. 

64° 

63° 

62° 

61 

0 

60° 

54 
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M. 

30° 

31° 

32° 

3i 

34° 

Sin. 

Cos. 

bin. 

L/OS. 

Dill. 

Sin. 

Cos. 

Sin. 

\j  vi> . 

— — 
0 

0. 50000 

0. 86603 

0.  51504 

0.85717 

0. 52992 

0.  84805 

0. 54464 

0. 83867 

0. 55919 

0.  82904 

ah 

1 

025 

588 

529 

702 

. 53017 

789 

488 

851 

943 

887 

00 

2 

050 

573 

554 

687 

041 

774 

513 

835 

968 

871 

58 

0 

o 

076 

559 

579 

672 

066 

759 

537 

819 

992 

855 

57 

1 

4 

101 

544 

604 

657 

091 

743 

561 

804 

. 56016 

839 

56 

5 

. 50126 

. 86530 

.  51628 

. 85642 

. 53115 

. 84728 

. 54586 

. 83788 

. 56040 

. 82822 

55 

6 

151 

515 

653 

627 

140 

712 

610 

772 

064 

806 

54 

176 

501 

678 

612 

164 

697 

635 

756 

088 

790 

53 

o 

a 

201 

486 

703 

597 

189 

681 

659 

740 

112 

773 

52 

n 

227 

471 

728 

582 

214 

666 

683 

724 

136 

757 

51 

i  n 
1U 

. 50252 

. 86457 

.  51753 

. 55567 

. 53238 

.84650 

. 54708 

. 83708 

. 56160 

. 82741 

50 

11 

277 

442 

778 

551 

263 

635 

732 

692 

184 

724 

49 

1  o 

lis 

302 

427 

803 

536 

288 

619 

756 

676 

208 

708 

48 

1 Q 

10 

327 

413 

828 

521 

312 

604 

781 

660 

232 

692 

47 

1/4 
14 

352 

398 

852 

506 

337 

588 

805 

645 

256 

675 

46 

ID 

. 50377 

.86384 

. 51877 

. 85491 

. 53361 

. 84573 

.  5482S 

. 83629 

.  56280 

. 82659 

45 

Ifi 

403 

369 

902 

476 

386 

557 

854 

613 

305 

643 

44 

17 
1/ 

428 

354 

927 

461 

411 

542 

87$ 

597 

329 

626 

43 

1  e 
lo 

453 

340 

952 

446 

435 

526 

902 

581 

353 

610 

42 

1  Q 

iy 

478 

325 

977 

431 

460 

511 

927 

565 

377 

593 

41 

.  50503 

.86310 

.  52002 

. 85416 

. 53484 

.  84495 

.  54951 

. 83549 

. 56401 

. 82577 

40 

91 

528 

295 

026 

401 

509 

480 

975 

533 

425 

561 

39 

99 

553 

281 

051 

385 

534 

464 

999 

517 

449 

544 

38 

91 
Zo 

578 

266 

076 

370 

558 

448 

.  55024 

501 

473 

528 

37 

94 
Z4 

603 

251 

101 

355 

583 

433 

048 

485 

497 

511 

36 

9*5 

.50628 

. 86237 

. 52126 

. 85340 

. 53607 

. 84417 

. 55072 

. 83469 

. 56521 

.  82495 

35 

9fi 

654 

222 

151 

325 

632 

402 

097 

453 

545 

478 

34 

97 

679 

207 

175 

310 

656 

386 

121 

437 

569 

462 

33 

98 

704 

192 

200 

294 

681 

370 

145 

421 

593 

446 

32 

9Q 

729 

178 

225 

279 

705 

355 

16£ 

405 

617 

429 

31 

in 
ou 

.  50754 

.86163 

.  52250 

. 85264 

. 53730 

.84339 

. 55194 

. 83389 

. 56641 

. 82413 

30 

11 

779 

148 

275 

249 

754 

324 

218 

373 

665 

396 

29 

19 

804 

133 

299 

234 

779 

308 

242 

35€ 

689 

380 

28 

OO 

829 

119 

324 

218 

804 

292 

266 

340 

713 

363 

27 

14 
Ol 

854 

104 

349 

203 

828 

277 

291 

324 

736 

347 

26 

U5 

OO 

. 50879 

. 86089 

.52374 

. 85188 

. 53853 

. 84261 

. 55315 

. 83308 

. 56760 

. 82330 

25 

36 

904 

074 

399 

173 

877 

245 

33c 

292 

784 

314 

24 

17 

929 

059 

423 

157 

902 

230 

363 

276 

808 

297 

23 

38 

954 

045 

448 

142 

926 

214 

388 

260 

832 

281 

22 

39 

979 

030 

473 

127 

951 

198 

412 

244 

856 

264 

21 

40 

.  51004 

. 86015 

.  52498 

.85112 

. 53975 

. 84182 

5543C 

83228 

. 56880 

. 82248 

20 

41 

029 

000 

522 

096 

.  54000 

167 

460 

212 

904 

231 

19 

42 

054 

. 85985 

547 

081 

024 

151 

484 

195 

928 

214 

18 

43 

079 

970 

572 

066 

049 

135 

509 

179 

952 

198 

17 

44 

104 

956 

597 

051 

073 

120 

533 

163 

976 

181 

16 

45 

.  51129 

. 85941 

. 52621 

. 85035 

. 54097 

.  84104 

.  55557 

83147 

.  57000 

. 82165 

15 

46 

154 

926 

646 

020 

122 

088 

581 

131 

024 

148 

14 

47 

179 

911 

671 

005 

146 

072 

605 

115 

047 

132 

13 

48 

204 

896 

696 

. 84989 

171 

057 

630 

098 

071 

115 

12 

49 

229 

881 

720 

974 

195 

041 

654 

082 

095 

098 

11 

50 

.  51254 

. 85866 

. 52745 

.  84959 

. 54220 

. 84025 

55678 

S30fifi 
. oouuu 

. 57119 

.  82082 

10 

51 

279 

851 

770 

943 

244 

009 

702 

050 

143 

065 

9 

52 

304 

836 

794 

928 

269 

.  83994 

726 

034 

167 

048 

8 

53 

329 

821 

819 

913 

293 

978 

750 

017 

191 

032 

7 

54 

354 

806 

844 

897 

317 

962 

775 

001 

215 

015 

OO 

. 51379 

. 85792 

. 52869 

. 84882 

.  54342 

. 83946 

. 55799 

82985 

. 57238 

. 81999 

5 

56 

777 
III 

oy<5 

ODD 

ODD 

you 

823 

~969 

-D_ 

4 

57 

429 

762 

918 

851 

391 

915 

847 

953 

286 

965 

3 

58 

454 

747 

943 

836 

415 

899 

871 

936 

310 

949 

2 

59 

479 

732 

967 

820 

440 

883 

895 

920 

334 

932 

60 

. 51504 

. 85717 

. 52992 

. 84805 

. 54464 

. 83867 

. 55919 

. 82904 

. 57358 

.81915 

0 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos.  1 

Sin. 

Cos. 

Sin. 

M. 

59° 

58° 

57° 

56 

55° 
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M. 

35° 

36° 

37° 

38° 

39° 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

0 

n  57358 

U.  0  / OOo 

o  si Ql 5 
u.  oiyio 

0  5B77Q 
U. Oo llo 

0  80009 

u. ouyu^ 

0  fi0189 

U.  UUIO^ 

0  7Q8fi4 
u. /yoot 

n  fii  "ififi 

U. OlOOO 

0.78801  0.  62932 

0. 77715 

60 

1 

381 
OOl 

8QQ 

oyy 

809 

OUii 

885 

205 

a4fi 
oto 

^ao 
ooy 

783 

955 

696 

59 

2 

4fl5 
4U0 

889 

89fi 
oZO 

SR7 

00/ 

228 

89Q 
0Z0 

fii  9 
oiz 

765 

977 

678 

58 

3 

49Q 
tZo 

sr5 
000 

84Q 

oty 

850 

251 

ai  1 

oil 

fi35 

000 

747 

.63000 

660 

57 

4 

453 
400 

848 

873 
O/O 

833 
000 

274 

7Q3 
loo 

fi^a 

OOo 

729 

022 

641 

56 

5 

57477 

.  Oltl 1 

. 81832 

588QR 
. oooyo 

80816 

fi09Q8 
.  ou^yo 

79776 

filfiSI 
. OlOol 

. 78711 

.63045 

.  / iozo 

55 

6 

5ni 

OU1 

815 

Q90 
yzu 

799 

321 

7^8 
/  00 

704 
/U4 

694 

068 

605 

54 

7 

594 

7Q8 
loo 

Q43 
y40 

789 
/  oz 

344 
Otl 

741 
/  tl 

79fi 
/  ZO 

676 

090 

586 

53 

8 

548 
040 

782 

967 

765 

367 

723 

749 

658 

113 

oos 

52 

9 

579 
ol  Z 

7R.5 
/  Ou 

QQO 
yyu 

748 
/  to 

390 

70fi 
/uo 

779 
/  IZ 

640 

135 

550 

51 

10 

575Qfi 
. 0/ oyo 

. 81748 

5Q014 
. oyuit 

80730 

fi0414 

.  OUtlt 

79688 

fil  705 
.  Ol loO 

. 78622 

.63158 

.  / / Ool 

50 

11 

filQ 
oiy 

731 
1  Ol 

n37 
vol 

713 
/ 10 

437 
to/ 

fi71 

0/ 1 

ai  a 

olo 

604 

180 

Olo 

49 

12 

R43 
040 

71 4 
/  It 

Ofil 
U01 

fiQfi 

oyo 

4R0 

tou 

fi^3 
OOO 

841 
S41 

586 

203 

494 

48 

13 

RR7 
OO/ 

fiQS 

ooo 

ns4 

Dot 

fi7Q 
Olo 

483 

635 

8R4 
oOt 

568 

225 

476 

47 

14 

691 

R81 
001 

108 

662 

506 

618 

887 
001 

550 

248 

458 

46 

15 

5771  5 

.Oil lO 

81  fifi4 

.  olOOt 

5Q1  31 
. oyioi 

80fi44 
. ouott 

.  ouozy 

7QROO 

. /youu 

filQOQ 
. oiyuy 

. 78532 

.63271 

. 77439 

45 

16 

738 
zoo 

fi47 
Otl 

1  54 

104 

fi97 
OZI 

^^3 
000 

=183 
Ooo 

Q39 
00Z 

514 

293 

421 

44 

17 

7R9 

I  Oil 

R31 
OOl 

1  78 
l/o 

filO 
OlU 

576 

OOO 

955 

496 

316 

402 

43 

18 

78  fi 
/  OO 

fi1 4 

901 

^Q3 
oyo 

oyy 

^47 
ot/ 

Q7S 
olo 

478 

338 

384  42 

19 

81  n 
S1U 

5Q7 
Oo  1 

995 
ZZO 

^7fi 
O/O 

fi99 
ozz 

^3n 
oou 

fi9nni 

.  0ZUU1 

460 

361 

3661  41 

20 

57833 
. 0 / ooo 

ai  580 

. 0IO0U 

5Q948 
. Oyzto 

80  ^8 
. 00000 

fiOfi4ci 
. ouoto 

70^19 
. loOLZ 

R9094 

.  78442 

.63383 

. 77347 

40 

21 

857 
SO/ 

5R3 
000 

979 
Zl  Z 

^41 
041 

fifia 

OOo 

4Q4 

4y4 

f>4fi 

uto 

424 

406 

329 

39 

22 

881 
ool 

54R 
O'iO 

OAK 
Zoo 

^94 

OZ* 

oyi 

477 

4/  / 

AfiQ 

uoy 

405 

428 

310 

38 

23 

Q04 

yu4 

530 

318 
Olo 

ou/ 

714 
/ 14 

4^Q 

4oy 

nQ9 

VyoZ 

387 

451 

292 

37 

24 

Q98 

yzs 

K\  3 
010 

349 
OtZ 

48Q 
4oy 

738 
/  Oo 

441 
441 

115 
110 

369 

473 

273 

36 

25 

57Q59 
.  OioOZ 

. oityo 

5Q3fi5 

. oyooo 

80479 
. oU4/ - 

fi07fi1 
. OU/Ol 

7Q494 
. lotZt 

R91  38 
.  OZL00 

. 78351 

.63496 

. 77255 

35 

26 

Q7fi 
y  10 

47Q 

4/y 

38Q 

osy 

400 

784 
/04 

Art  p. 
4U0 

1  fiO 
IOU 

333 

518 

236 

34 

27 

QQQ 
yyy 

4fi9 

toz 

419 
41^ 

438 
too 

ao7 
ou/ 

388 
000 

183 

315 

540 

218 

33 

28 

58Q93 

44  s; 

440 

43fi 
400 

490 
tZ'J 

83n 

oOU 

371 
O/l 

90fi 

zoo 

297 

563 

199 

32 

29 

r>47 
U4/ 

498 
4ZB 

AKO 

4oy 

4(13 
4UO 

a^3 

o00 

353 
OOO 

99Q 
ZZo 

279 

585 

181 

31 

30 

58070 
. OSU/U 

81  41 9 

5Q4.89 
.  0y4oi£ 

8n38fi 
. 0UO0O 

fif»87fi 
. OUo/O 

7Q335 
.  / yooo 

fi9951 

. 78261 

.63608 

. 77162 

30 

31 

nQ4 

3Q5 
oyO 

5or 
ouo 

3fi8 
OOo 

BQQ 

oyy 

31  a 

Olo 

974 
Zlt 

243 

630 

144 

29 

32 

1 1  0 

378 
0/0 

50Q 

oz\s 

3^1 

001 

000 
\)zz 

3nn 
oUU 

9Q7 
ZM 1 

225 

653 

125 

28 

33 

1 41 
141 

3R1 
001 

559 

ooz 

334 
004 

y40 

9B9 
ZOZ 

39n 

oZV 

206 

675 

107 

27 

34 

1  fi5 
100 

344 
o44 

57fi 

0/0 

31  fi 
OlO 

Qfia 
yos 

9fi4 
Z04 

349 
o4Z 

188 

698 

088 

26 

35 

col  on 
.  Ooloy 

81  397 
.  oLOZI 

5Q5QQ 

. oyoyy 

. ouzyy 

fifKJQI 

.  ouyyi 

7Q947 
. loZtl 

fi93fie> 

. ozooo 

.  78170 

.63720 

.  77070 

25 

36 

91 9 

310 
OlU 

fi99 

ozz 

989 
ZoZ 

fii  ni  ^ 

. OIUIO 

99Q 
ZZo 

3aa 

OOO 

152 

742 

051 

24 

37 

93fi 
ZOO 

9Q3 
zyo 

R4R 
040 

9fi4 

zot 

03a 

UOo 

211 

41 1 
til 

134 

765 

033 

23 

38 

9  fin 

97fi 
_  /  0 

fifiQ 

ooy 

947 
Ztl 

nfii 

UOi 

1Q3 
iyo 

433 
too 

116 

787 

014 

22 

39 

983 

ZOO 

9  50 
zoy 

fiQ3 

oyo 

930 
ZOU 

084 
Uot 

176 

456 

098 

810 

. 76996 

21 

40 

58307 
.  oooui 

81242 

59716 

80212 

. 61107 

79158 

62479 

. 78079 

.63832 

. 76977 

20 

41 

330 
oou 

995 
zzo 

73Q 
lot) 

1Q^ 

iyo 

1 3n 
lou 

1 4f> 
14U 

5Q9 
OoZ 

061 

854 

959 

19 

42 

354 
004 

9na 

Zoo 

7fi3 
/  00 

178 
1/0 

1  ^3 
100 

199 
lzz 

594 

043 

877 

940 

18 

43 

378 
o/S 

iqi 
lyi 

78  fi 
100 

1  fin 

10U 

1 7fi 
1/0 

1  n^ 

1UO 

547 
04/ 

025 

899 

921 

17 

44 

4U1 

1 74 
1/4 

QAA 

ouy 

1 43 

14o 

1QQ 

iyy 

na7 

US/ 

57Q 
0/U 

007 

922 

903 

16 

45 

K0495 
.  0S4Z0 

81 1  V7 
.  0110/ 

.  oysoz 

Bni  9^ 

. oUl^O 

Ri  999 
. oizzz 

zio 

7QnfiQ 

. / yuoy 

fi9  5Q9 
.  OZOoZ 

.77988 

.63944 

.76884 

15 

46 

AAQ 

44y 

1  AC\ 
14U 

C5fi 
800 

1  AC 

lUo 

n^i 
U01 

fil  5 
010 

970 

966 

866 

14 

47 

479 
4/Z 

1 93 
LZo 

87Q 
Olo 

uyi 

9fia 

-OS 

033 

uoo 

OOo 

952 

989 

847 

13 

48 

4Qfi 

4yo 

1  ar 
1U0 

or»9 

\f\JZ 

f>73 
U/o 

'XJ1 

Ztfl 

m  fi 

U10 

fifiQ 
OOU 

934 

.64011 

828 

12 

49 

oiy 

AfiQ 

Uo» 

yzo 

oka 
UOO 

Q1  A 

78QQ8 

. /syys 

fiS3 
OSO 

916 

033 

810 

11 

50 

. osoto 

si  n79 
. olU/w 

. oyy4y 

an/138 

. 0UUO0 

fil  337 
. 0100/ 

78QBO 
. loooo 

fi970fi 
. Oi/UO 

. 77897 

.64056 

. 76791 

10 

51 

5fi7 
00/ 

A55 
U00 

Q79 
Ml  Z 

r»9i 
UzL 

O0U 

QfiO 

yo~ 

798 
/  Zo 

879 

078 

772 

9 

52 

c;qa 
OyU 

aqc 
UoS 

yyo 

UUo 

383 
0S0 

Q44 
y44 

751 
/01 

861 

100 

754 

8 

53 

fil  4 
014 

091 
Uzl 

finm  0 
. ouuiy 

7QQ8fi 

. /yyso 

4nfi 
4U0 

QOfi 

y~o 

774 
lit 

843 

123 

735 

7 

54 

R37 
Ool 

aa4 
UU4 

U4Z 

Qfia 
yos 

4zy 

Qna 
yus 

70  fi 

/yo 

824 

145 

717 

6 

55 

.  58661 

.  80987 

. 60065 

.  79951 

.  61451 

. 78891 

. 62819 

. 77806 

. 64167 

. 76698 

5 

56 

684 

970 

089 

934 

474 

873 

842 

788 

190 

679 

4 

57 

708 

953 

112 

916 

497 

855 

864 

769 

212 

661 

3 

58 

731 

936 

135 

899 

520 

837 

887 

751 

234 

642 

2 

755 

919 

158 

881 

543 

819 

909 

733 

256 

623 

1 

60 

. 58779 

.80902 

.60182 

. 79864 

.  61566 

.78801 

. 62932 

.  77715 

.  64279 

.76604 

0 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

M. 

54° 

53° 

52° 

51° 

50° 

56 


Table  18.— NATURAL  SINES  AND  COSINES— Concluded 


M. 

40° 

41° 

42° 

49 

o 

44° 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

U.  04z/y 

U.  / 00U4 

n  fi5fiOfi 
u.  ooouo 

0  75471 

0  fifiQI  9 
u. uuyio 

0. 74314 

0.  68200 

0. 73135 

0  fiQdfifi 

u.  oy±oo 

O  71Q94 
U.  /  iy04 

60 

i 

oUl 

58  fi 
OOO 

fi98 
O/O 

452 

935 

295 

221 

116 

487 
to/ 

Q1  4 

yi4 

59 

2 

999 
O/O 

5fi7 
00/ 

fi.50 

OOU 

433 

956 

276 

242 

096 

508 

SQ4 
©y4 

58 

3 

040 

548 
040 

fi79 

414 

978 

256 

264 

076 

59Q 
o/y 

879 
O/O 

57 

4 

OOS 

con 
OOU 

fiQ4 
oy* 

395 

999 

237 

285 

056 

54Q 
04y 

859 
OOO 

56 

5 

.  04oyu 

7fi51 1 
. / 0011 

fi.571  fi 

.  DO / ID 

75375 

67021 

74217 

.68306 

. 73036 

RQ570 
. oyo / u 

71899 
.  / 10OO 

55 

6 

41  9 
41Z 

4Q9 
4yz 

738 

356 

043 

198 

327 

016 

591 

81  9 
OlO 

54 

7 

JOE 

160 

479 
4/0 

75Q 

/  oy 

997 
oo/ 

064 

178 

349 

.72996 

fii  9 
01/ 

7Q9 

/yz 

53 

8 

40/ 

455 

400 

781 
/  Ol 

918 

OlO 

086 

159 

370 

976 

fi99 
ooo 

779 
1 1 Z 

52 

9 

47Q 

4/y 

49fi 
400 

so9 

OUO 

299 

107 

139 

391 

957 

fi54 
oo* 

759 
/  OZ 

51 

10 

. 040U1 

7fi41  7 
. / 041 / 

fi.589  5 
.  OOO/O 

75280 

.  67129 

74120 

.68412 

. 72937 

. 69675 

71  799 
. / 1 / OZ 

50 

11 

594 
0Z4 

9Q8 
oyo 

847 
o*/ 

261 

151 

100 

434 

917 

696 

711 

49 

12 

ZAP. 
040 

980 
osu 

SfiQ 
ooy 

241 

172 

080 

455 

897 

717 

fiQI 

oyi 

48 

13 

ceo 
OOS 

9fii 

OOl 

8Q1 
oyi 

222 

194 

061 

476 

877 

737 

fi71 
O/ 1 

47 

14 

5QO 

oyu 

949 

913 

203 

215 

041 

497 

857 

758 

fi50 
OOU 

46 

15 

.  0401/ 

7fi999 
.  /  OOZO 

65935 

. 75184 

67237 

. 74022 

.68518 

.72837 

. 69779 

71  R90 

. / lOOU 

45 

16 

fi95 
OOO 

904 
ou* 

956 

165 

258 

002 

539 

817 

800 

610 

44 

17 

fi57 
00/ 

98  fi 

Q78 

y/o 

14fi 

ltD 

280 

73983 

561 

797 

821 

5QO 
oyu 

43 

18 

fi7Q 

o/y 

9fi7 
ZO/ 

fifiOOO 
.  OOUUU 

126 

301 

963 

582 

777 

842 

5fiQ 
ooy 

42 

19 

701 
/Ul 

948 
Z*0 

099 

107 

1U/ 

323 

944 

603 

757 

862 

549 

41 

20 

fi4799 
.  04/  ZO 

7fi99Q 
. / ozzy 

fifi044 

. OOU** 

. 75088 

67344 

73924 

.68624 

. 72737 

.  69883 

. 71529 

40 

21 

74fi 
/  *D 

91  n 

Z1U 

066 

069 

366 

904 

645 

717 

904 

508 

39 

22 

7fiS 
/Oo 

1Q9 
iy/ 

nas 

Uoo 

0K0 

uou 

387 

88K 

ooo 

666 

697 

Q95 
y/o 

488 
400 

38 

23 

7Qn 
/yu 

179 

I/O 

10Q 
iuy 

090 
uou 

409 

865 

688 

677 

946 

4fiS 
*oo 

37 

24 

SI  9 
81Z 

1  54 

191 

lOI 

01 1 
Ull 

430 

846 

709 

657 

966 

447 

36 

25 

R4894 
. 0400* 

76135 

66153 

74992 

67452 

73826 

.68730 

.72637 

.  69987 

. 71427 

35 

26 

85fi 
800 

1 1  fi 

110 

1  75 
I/O 

Q79 

y  /o 

479 

4/0 
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ouu 

751 
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70008 
.  / UUUo 

407 

4U/ 

34 

27 

878 
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AO  7 

uy  / 

1Q7 
iy  / 

Qc9 
yoo 

495 

787 

lOI 

772 

597 

029 

98  fi 
OOO 

33 

28 

QOI 

yui 

fl78 
VI  o 

918 

Zi.O 

Q94 
yo* 

516 

7fi7 
/  u/ 

793 

577 

049 

9fifi 

OOO 

32 

29 

Q99 

05Q 
uoy 

940 
Z4U 

Q1  c 
yio 

OOO 

747 

1  4/ 

814 

557 

070 

u/u 

945 
040 

31 

30 

fi4Q45 

.  o*y4o 

7fi041 
.  / 0U41 

fifi9fi9 
. OOZOZ 

748Q.fi 

. / 4oyo 

. o / ooy 

79798 

.  IOI 60 

.68835 

. 72537 

700Q1 

. / uuyi 

71995 
.  / io/o 

30 

31 

Qfi7 

yo/ 

099 

u__ 

984 
Z04 

S7fi 
Ol  D 

c80 

OoU 

708 

/  Uo 

857 

517 
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905 

OUO 

29 

32 

Q8Q 
yoy 

no  9 

UUO 

9nfi 

OUO 

8C7 

OOl 

fi09 
ouz 

fi88 
uoo 

878 

497 

132 

984 
zo* 

28 

33 

R50i  i 

. 00U11 

75Q84 

. / oyo4 

997 

898 

OOO 

fi99 
OZO 

fifiQ 
ooy 

899 

477 

1  59 

ioo 

9fi4 
Z04 

27 

34 

o99 

Qfi.5 

yoo 

94Q 
04y 

818 

olo 

fi4c 
040 

fi4Q 
04y 

920 

457 

1  74 

1/4 

949 
z*o 

26 

35 

fi5055 

75Q4fi 
. / oy4o 

fifi971 

.  OOO/ 1 

747QQ 
. / 4 / yy 

fi7fififi 
.  0/ OOO 

79fi9Q 
. / oo/y 

.68941 

. 72437 

701 Q5 

. /uiyo 

71999 

. / 1ZZO 

25 

36 

077 
u/  / 

Q97 
y~  i 

9Q9 
oyo 

780 
/  oU 

fiaa 

uoo 

fii  0 

U1U 

962 

417 

215 

203 

24 

37 

lUU 

QflS 

yuo 

41  4 

414 

7fiO 
/  OU 

70Q 

/uy 

KQO 
oyu 

983 

397 

99fi 
/oo 

189 

ioz 

23 

38 

199 

88Q 

ooy 

49fi 

400 

741 
/  41 

790 
/  OU 

K70 
Ol  u 

. 69004 

377 

957 

zo/ 

162 

22 

39 

1  4.4. 
144 

870 
S/U 

458 
408 

799 
/  // 

7=.9 
/0/ 

c^i 

001 

025 

357 

977 
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1  41 

141 

21 

40 

fi51  fifi 
. 00100 

75851 

. / OSOl 

fifi48fl 
. 0040U 

74709 
.  / 4 / UO 

fi7779 
. 0/ / 16 

79591 
. / OOOl 

. 69046 

.  72337 

709Q8 

. / u/ys 

71 1  91 
.  /  11Z1 

20 

41 

188 
loo 

899 

501 

OUl 

fiS9 
OoO 

7Q" 

/yo 

e1 1 
Oil 

067 

317 

91 Q 
oiy 

100 
1UU 

19 

42 

91  o 

Z1U 

81  9 
Slo 

=.99 
O/O 

fifi4 
004 

81  fi 
810 

4Q1 

4yi 

088 

297 

99Q 

ooy 

OSO 
UOU 

18 

43 

999 

7Q4 

/y4 

545 
040 

fi44 
044 

897 
So/ 

479 
4// 

109 

277 

9fiO 
OOU 

05Q 
uoy 

17 

44 

954 
Z04 

775 
IIO 

5fifi 
OOO 

fi9c 
O/O 

soy 

459 
40/ 

130 

257 

981 
OOl 

039 

16 

45 

fi.597fi 
.  OOZ/  D 

7575fi 
.  IOI oo 

fifi.588 
. OOOOO 

74fiOfi 
. / 40UD 

fi7880 
. 0/ 88U 

79499 
.  / 040/ 

. 69151 

.72236 

70401 
. / U*U1 

71019 

15 

46 

90S 

zyo 

798 
/Oo 

fii  o 

01U 

^Sfi 
080 

QOI 

yui 

41  9 
410 

172 

216 

499 
4ZZ 

70QQ8 

. / uyyo 

14 

47 

990 
ozu 

71  Q 

/  iy 

fi99 
OO/ 

e;fi7 
OO/ 

Q99 

y/o 

9Q9 

oyo 

193 

196 

449 

4*0 

Q7S 
y/o 

13 

48 

949 

/UU 

fie;9 

000 

CAQ 
048 

Q44 

y44 

979 
O/O 

214 

176 

4fi9 
400 

Q57 

yo/ 

12 

49 

004 

fi8fl 
OoU 

fi7e> 
O/O 

^98 
0/8 

Qfi^ 

yoo 

959 
OOO 

235 

156 

484 
484 

Q97 
yo/ 

11 

50 

fi59Sfi 
.  OOOOO 

75fifi1 
. / OOOl 

fififiQ7 
.  oooy/ 

74-ROQ 
.  / 40 uy 

fi7Q87 

.  o / ys / 

79999 
. / 6C66 

. 69256 

. 72136 

70505 
. / UOUO 

70Q1  fi 
. /uyio 

10 

51 

fi49 
04/ 

71 8 
/  lo 

48Q 

4sy 

. OSuuS 

91  4 
014 

277 

116 

595 
OZO 

SQfi 

oyo 

9 

52 

490 

4ou 

fi99 
O/O 

740, 
/  4U 

470 
4/U 

09Q 

u/y 

9Q4 

zy4 

298 

095 

54fi 
040 

875 
o/o 

8 

53 

452 

fifl4 
OU* 

7fi9 

/  oz 

4C1 
401 

05,1 
UOi 

974 
Z/4 

319 

075 

5fi7 
OO/ 

855 

7 

54 

474 

585 
OoO 

789 
/  oo 

491 
401 

079 

u// 

954 
Z04 

340 

055 

587 

834 

6 

55 

. 65496 

. 75566 

. 66805 

.  74412 

. 68093 

. 73234 

. 69361 

.72035 

.  70608 

.70813 

5 

56 

518 

547 

827 

392 

115 

215 

382 

015 

628 

793 

4 

57 

540 

528 

848 

373 

136 

195 

403 

. 71995 

649 

772 

3 

58 

562 

509 

870 

353 

157 

175 

424 

974 

670 

752 

2 

59 

584 

490 

891 

334 

179 

155 

445 

954 

690 

731 

1 

60 

.65606 

. 75471 

.  66913 

. 74314 

.68200 

.73135 

. 69466 

. 71934 

.  70711 

. 70711 

0 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

Cos. 

Sin. 

M. 

49° 

41 

47° 

46° 

45° 

57 


Table  19.— NATURAL  TANGENTS  AND  COTANGENTS 


M. 

0° 

1° 

2 

o 

3 

o 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

 —  

Cot. 

Tan. 



Cot. 

0 

0. 00000 

00 

0. 01746 

57. 2900 

0.  03492 

28.  6363 

0. 05241 

19.0811 

60 

1 

029 

3437.  75 

775 

56.  3506 

521 

.3994 

270 

18. 9755 

59 

2 

058 

1718. 87 

804 

55. 4415 

550 

.1664 

299 

.8711 

58 

3 

087 

1145.92 

833 

54.  5613 

579 

27. 9372 

328 

.7678 

57 

4 

116 

859. 436 

862 

53. 7086 

609 

.7117 

357 

.6656 

56 

5 

.  00145 

687.  549 

.  01891 

52. 8821 

.03638 

27. 4899 

. 05387 

18. 5645 

55 

6 

175 

572. 957 

920 

52. 0807 

667 

.2715 

416 

.4645 

54 

7 

204 

491. 106 

949 

51. 3032 

696 

.0566 

445 

.3655 

53 

8 

233 

429. 718 

978 

50.  5485 

725 

26. 8450 

474 

.2677 

52 

9 

262 

381.971 

.  02007 

49. 8157 

754 

.6367 

503 

.1708 

51 

10 

. 00291 

343.  774 

. 02036 

49. 1039 

. 03783 

26. 4316 

. 05533 

18. 0750 

50 

11 

320 

312. 521 

066 

48. 4121 

812 

.2296 

562 

17. 9802 

49 

12 

349 

286.  478 

095 

47.  7395 

842 

.0307 

591 

.8863 

48 

13 

378 

264.  441 

124 

47. 0853 

871 

25. 8348 

620 

.7934 

47 

14 

407 

245. 552 

153 

46. 4489 

900 

.6418 

649 

.7015 

46 

15 

. 00436 

229. 182 

. 02182 

45. 8294 

. 03929 

25. 4517 

. 05678 

17. 6106 

45 

16 

465 

214. 858 

211 

45. 2261 

958 

.2644 

708 

.5205 

44 

17 

495 

202.  219 

240 

44. 6386 

987 

.0798 

737 

.4314 

43 

18 

524 

190. 984 

269 

44. 0661 

.  04016 

24.  8978 

766 

.3432 

42 

19 

553 

180. 932 

298 

43.  5081 

046 

.7185 

795 

.2558 

41 

20 

. 00582 

171.885 

.  02328 

42. 9641 

.  04075 

24.  5418 

. 05824 

17. 1693 

40 

21 

611 

163.  700 

357 

42. 4335 

104 

.3675 

854 

.0837 

39 

22 

640 

156.  259 

386 

41.9158 

133 

.1957 

883 

16. 9990 

38 

23 

669 

149. 465 

415 

41.  4106 

162 

.0263 

912 

.9150 

37 

24 

698 

143. 237 

444 

40. 9174 

191 

23. 8593 

941 

.8319 

36 

25 

. 00727 

137. 507 

. 02473 

•40.  4358 

. 04220 

23. 6945 

.05970 

16.  7496 

35 

26 

756 

132. 219 

502 

39. 9655 

250 

.5321 

999 

.6681 

34 

27 

785 

127. 321 

531 

39. 5059 

279 

.3718 

.06029 

.5874 

33 

28 

815 

122.  774 

560 

39.  0568 

308 

.2137 

058 

.5075 

32 

29 

844 

118. 540 

589 

38. 6177 

337 

.0577 

087 

.4283 

31 

30 

. 00873 

114. 589 

.  02619 

38. 1885 

.  04366 

22. 9038 

. 06116 

16. 3499 

30 

31 

902 

110. 892 

648 

37.  7686 

395 

.7519 

145 

.2722 

29 

32 

931 

107. 426 

677 

37.  3579 

424 

.6020 

175 

.1952 

28 

33 

960 

104. 171 

706 

36. 9560 

454 

.4541 

204 

.1190 

27 

34 

989 

101. 107 

735 

36.  5627 

483 

.3081 

233 

.0435 

26 

35 

.  01018 

98. 2179 

. 02764 

36. 1776 

.  04512 

22. 1640 

. 06262 

15.9687 

25 

36 

047 

95. 4895 

793 

35. 8006 

541 

.0217 

291 

.8945 

24 

37 

076 

92. 9085 

822 

35. 4313 

570 

21.  8813 

321 

.8211 

23 

38 

105 

90.  4633 

851 

35. 0695 

599 

.7426 

350 

.7483 

22 

39 

135 

88. 1436 

881 

34. 7151 

628 

.6056 

379 

.6762 

21 

40 

. 01164 

85. 9398 

. 02910 

34.  3678 

. 04658 

21.  4704 

.06408 

15.  6048 

20 

41 

193 

83. 8435 

939 

34. 0273 

687 

.3369 

437 

.5340 

19 

42 

222 

81.  8470 

968 

33. 6935 

716 

.2049 

467 

.4638 

18 

43 

251 

79. 9434 

997 

33. 3662 

745 

.0747 

496 

.3943 

17 

44 

280 

78. 1263 

. 03026 

33. 0452 

774 

20. 9460 

525 

.3254 

16 

45 

. 01309 

76. 3900 

. 03055 

32. 7303 

. 04803 

20.  8188 

.06554 

15. 2571 

15 

46 

338 

74. 7292 

084 

32. 4213 

833 

.6932 

584 

.1893 

14 

47 

367 

73. 1390 

114 

32. 1181 

862 

.5691 

613 

.1222 

13 

48 

396 

71.  6151 

143 

31.8205 

891 

.4465 

642 

.0557 

12 

49 

425 

70. 1533 

172 

31. 5284 

920 

.3253 

671 

14. 9898 

11 

50 

.  01455 

68.  7501 

. 03201 

31.2416 

. 04949 

20. 2056 

.06700 

14. 9244 

10 

51 

484 

67.  4019 

230 

30.  9599 

978 

.0872 

730 

.8596 

9 

52 

513 

66. 1055 

259 

30.  6833 

.  05007 

19. 9702 

759 

.7954 

8 

53 

542 

64. 8580 

288 

30. 4116 

037 

.8546 

788 

.7317 

7 

54 

571 

63. 6567 

317 

30. 1446 

066 

.7403 

817 

.66?? 

6 

55 

. 01600 

62. 4992 

.  03346 

29. 8823 

. 05095 

19.  6273 

.06847 

14.  6059 

5 

56 

629 

61. 3829 

376 

29. 6245 

124 

.5156 

876 

.5438 

4 

57 

658 

60.  3058 

405 

29. 3711 

153 

.4051 

905 

.4823 

3 

58 

687 

59. 2659 

434 

29. 1220 

182 

.  2959 

934 

.  4212 

2 

99 

716 

58. 2612 

463 

28. 8771 

212 

.1879 

963 

.3607 

60 

. 01746 

57. 2900 

. 03492 

28. 6363 

.  05241 

19.0811 

.06993 

14. 3007 

0 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

M. 

89° 

81 

87° 

86° 

58 


Table  19. — NATURAL  TANGENTS  AND  COTANGENTS— Con. 


M. 

4° 

5° 

6 

o 

7 

o 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

OOl. 

Tan. 

UOl. 

0 

0. 06993 

14.  3007 

0. 08749 

11. 4301 

0. 10510 

9. 51436 

0. 12278 

8. 14435 



60 

1 

. 07022 

.  2411 

778 

.3919 

540 

.  48781 

308 

. 12481 

59 

2 

051 

.  1821 

807 

.3540 

569 

. 46141 

338 

.10536 

58 

3 

080 

.  1235 

837 

.3163 

599 

. 43515 

367 

.08600 

57 

4 

110 

.0655 

866 

.2789 

628 

.40904 

397 

. 06674 

56 

5 

. 07139 

14.  0079 

. 08895 

11.2417 

. 10657 

9.38307 

.12426 

8.  04756 

55 

6 

168 

13.9507 

925 

.2048 

687 

. 35724 

456 

. 02848 

54 

7 

197 

.8940 

954 

.  1681 

716 

. 33155 

485 

. 00948 

53 

8 

227 

.8378 

983 

.  1316 

746 

. 30599 

515 

7.  99058 

52 

9 

256 

.  7821 

. 09013 

.0954 

775 

.28058 

544 

. 97176 

51 

10 

. 07285 

13.  7267 

. 09042 

11.0594 

. 10805 

9. 25530 

. 12574 

7. 95302 

50 

11 

314 

.  6719 

071 

.0237 

834 

. 23016 

603 

. 93438 

49 

12 

344 

.  6174 

101 

10. 9882 

863 

. 20516 

633 

. 91582 

48 

13 

373 

.5634 

130 

.9529 

893 

.18028 

662 

. 89734 

47 

14 

402 

.5098 

159 

.9178 

922 

.  15554 

692 

. 87895 

46 

15 

. 07431 

13. 4566 

. 09189 

10. 8829 

. 10952 

9. 13093 

. 12722 

7.  86064 

45 

16 

461 

.4039 

218 

.8483 

981 

.  10646 

751 

. 84242 

44 

17 

490 

.3515 

247 

.8139 

.11011 

.  08211 

781 

. 82428 

43 

18 

519 

.2996 

277 

.  7797 

040 

.  05789 

810 

. 80622 

42 

19 

548 

.2480 

306 

.7457 

070 

. 03379 

840 

.78825 

41 

20 

.  07578 

13. 1969 

. 09335 

10.  7119 

.  11099 

9. 00983 

.12869 

7.  77035 

40 

21 

607 

.  1461 

365 

.6783 

128 

8. 98598 

899 

. 75254 

39 

22 

636 

.0958 

394 

.6450 

158 

. 96227 

929 

. 73480 

38 

23 

665 

.0458 

423 

.6118 

187 

. 93867 

958 

. 71715 

37 

24 

695 

12. 9962 

453 

.5789 

217 

. 91520 

988 

. 69957 

36 

25 

. 07724 

12.  9469 

. 09482 

10.  5462 

. 11246 

8. 89185 

. 13017 

7.  68208 

35 

26 

753 

.8981 

511 

.5136 

276 

.86862 

947 

. 66466 

34 

27 

782 

.8496 

541 

.4813 

305 

. 84551 

076 

.64732 

33 

28 

812 

.8014 

570 

.4491 

335 

. 82252 

106 

.63005 

32 

29 

841 

.7536 

600 

.4172 

364 

.79964 

136 

.61287 

31 

30 

. 07879 

12.  7062 

.09629 

10. 3854 

. 11394 

8.  77689 

. 13165 

7.  59575 

30 

31 

899 

.6591 

658 

.3538 

423 

.75425 

195 

. 57872 

29 

32 

929 

.  6124 

688 

.3224 

452 

.  73172 

224 

.  56176 

28 

33 

958 

.  5660 

717 

.2913 

482 

.  70931 

254 

.54487 

27 

34 

987 

.5199 

746 

.2602 

511 

.68701 

284 

.52806 

26 

35 

. 08017 

12. 4742 

. 09776 

10. 2294 

. 11541 

8. 66482 

. 13313 

7.  51132 

25 

36 

046 

.  4288 

805 

.  1988 

570 

.64275 

343 

. 49465 

24 

37 

075 

.3838 

834 

.  1683 

600 

.62078 

372 

.  47806 

23 

38 

104 

.3390 

864 

.  1381 

629 

. 59893 

402 

.  46154 

22 

39 

134 

.2946 

893 

.  1080 

659 

. 57718 

432 

.44509 

21 

40 

. 08163 

12.  2505 

. 09923 

10. 0780 

. 11688 

8. 55555 

. 13461 

7.  42871 

20 

41 

192 

.2067 

952 

.0483 

718 

.53402 

491 

.41240 

19 

42 

221 

.  1632 

981 

.0187 

747 

. 51259 

521 

. 39616 

18 

43 

251 

.  1201 

. 10011 

9. 98931 

777 

. 49128 

550 

.37999 

17 

44 

280 

.0772 

040 

.96007 

806 

.  47007 

580 

.36389 

16 

45 

. 08309 

12. 0346 

. 10069 

9. 93101 

. 11836 

8.  44896 

. 13609 

7. 34786 

15 

46 

339 

11. 9923 

099 

.90211 

865 

.42795 

639 

.  33190 

14 

47 

368 

.9504 

128 

. 87338 

895 

.40705 

669 

.31600 

13 

48 

397 

.9087 

158 

.  84482 

924 

. 38625 

698 

. 30018 

12 

49 

427 

.8673 

187 

. 81641 

954 

.  36555 

728 

.28442 

11 

50 

. 08456 

11.8262 

. 10216 

9. 78817 

. 11983 

8.  34496 

.13758 

7. 26873 

10 

51 

485 

.  7853 

246 

.  76009 

. 12013 

. 32446 

787 

.25310 

9 

52 

514 

.  7448 

275 

.  73217 

042 

.30406 

817 

.23754 

8 

53 

544 

.  7045 

305 

.  70441 

072 

. 28376 

846 

.22204 

7 

54 

573 

.  6645 

334 

.  67680 

101 

.26355 

876 

. 20661 

6 

55 

.08602 

11. 6248 

.10363 

9. 64935 

. 12131 

8. 24345 

. 13906 

7. 19125 

5 

56 

632 

.5853 

393 

. 62205 

160 

.22344 

935 

. 17594 

4 

57 

661 

.5461 

422 

.59490 

190 

. 20352 

965 

.  16071 

3 

Do 

690 

.5072 

452 

.  56791 

010 

1  0Q7A 

yyo 

1  A  KKQ 

.  1400O 

2 

59 

720 

.4685 

481 

.  54106 

249 

.16398 

.14024 

. 13042 

1 

60 

. 08749 

11.4301 

. 10510 

9.  51436 

. 12278 

8. 14435 

.14054 

7. 11537 

0 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

M. 

85° 

84° 

83° 

82° 

59 


Table  19.— NATURAL  TANGENTS  AND  COTANGENTS— Con. 


M. 

8° 

9 

o 

10° 

11° 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

(T 

n  14054 
U. ±4W± 

7  11537 

0. 15838 

6. 31375 

0  17R33 

U.  1  /  OOO 

5.  67128 

0. 19438 

5  14455 

60 

1 

084 

10038 

868 

. 30189 

663 

66165 

4fi8 
too 

. 1O0O8 

59 

2 

113 

08546 

898 

. 29007 

693 

498 

12862 

58 

3 

143 
14o 

07059 

928 

. 27829 

723 

64248 

529 

190RQ 

. izuoy 

57 

4 

173 

05579 

958 

. 26655 

753 

'.  63295 

559 

11279 

56 

5 

.  14ZUZ 

7  04105 

.  15988 

6. 25486 

17783 

5.  62344 

19589 

e  i  f>4QO 

o. luiyu 

55 

6 

232 

02637 

.  16017 

.  24321 

813 

61397 

619 

09704 

54 

7 

9fi9 

01174 

047 

.  23160 

843 

60452 

649 

08Q91 

53 

8 

291 

fi  QQ718 
o.  yy  *  -lo 

077 

.  22003 

873 

'  595H 

680 

08139 

52 

9 

321 

.  98268 

107 

.  20851 

903 

58573 

710 

07360 

51 

10 

14351 
. 14001 

fi  Qfi893 
o.  yoo^o 

. 16137 

6. 19703 

17933 

5  57fi38 

U.  O/OOO 

19740 

K  0fi584 
o.  uooot 

50 

11 

08 1 

Q5385 

167 

.  18559 

963 

56706 

770 

0580Q 

49 

12 

4in 

93952 

196 

.  17419 

993 

55777 

801 

05037 

48 

13 

440 

'.  92525 

226 

.  16283 

18023 

54851 

831 

04267 

47 

14 

470 

4/u 

91104 

256 

.  15151 

053 

53927 

861 

03499 

46 

15 

144QQ 
.  i4iyy 

fi  8QR88 
o.  oyooo 

. 16286 

6. 14023 

18083 

5  /5.3007 

19891 

5. 02734 

45 

16 

^9Q 

ozy 

88278 

316 

.  12899 

113 

52090 

921 

01971 

44 

17 

559 

86874 

346 

.  11779 

143 

51176 

952 

01210 

43 

18 

<^88 
088 

85475 

376 

.  10664 

173 

50264 

982 

00451 

42 

19 

fi18 
018 

84082 

405 

.  09552 

203 

49356 

20012 

4  QQfiQ5 

41 

20 

1  /I  fi48 

fi  89fiQ4 
o. 8zoyt 

. 16435 

6.  08444 

18233 

5  48451 

20042 

4  Q8Q40 
i. yoytu 

40 

21 

fi78 
O/o 

81312 

465 

.  07340 

263 

'.  47548 

073 

98188 

39 

22 

707 
tut 

7QQ3A 

.  /yyoo 

495 

.  06240 

293 

46648 

103 

97438 

38 

23 

737 
/o< 

78564 

525 

.  05143 

323 

45751 

133 

QfifiQO 

37 

24 

7fi7 
/Of 

771 QQ 

. / * iyy 

555 

.04051 

353 

44857 

1fi4 

lOI 

95945 

36 

25 

147Qfi 
.  14/yO 

fi  75838 
O.  t OoOO 

. 16585 

6.  02962 

18384 

5  43Qfifi 
o.  ioyuu 

20194 

4. 95201 

35 

26 

89fi 
OZO 

74483 

615 

. 01878 

414 

43077 

224 

94460 

34 

27 

800 

73133 

645 

. 00797 

444 

42192 

254 

93721 

33 

28 

88  fi 
880 

71789 

674 

. 599720 

474 

41309 

285 

'.  92984 

32 

29 

Q1  *\ 

yio 

70450 

704 

. 98646 

504 

40429 

315 

92249 

31 

30 

. 14y40 

<i  AOIIfi 

o.  oyiio 

.  16734 

5. 97576 

18534 
. I8O0I 

*t  3Q559 

o.  oyuoz 

20345 

4  91516 

30 

31 

Q7^ 

y  to 

fi7787 
. 0<  tot 

764 

. 96510 

564 

38677 

376 

90785 

29 

32 

.  loUUo 

fifi4fi3 
.  004 DO 

794 

.  95448 

594 

37805 

40fi 
1UO 

Q005fi 
. yuuoo 

28 

33 

034 

UOI 

fi5144 

824 

. 94390 

fi94 

3fiQ3fi 
. ooyou 

436 

8Q330 

27 

34 

n«4 
Uo4 

fi3831 
.  OoBOl 

854 

. 93335 

654 

36070 

466 

88R05 

26 

35 

.  iouyi 

fi  fi9593 
0.  OZOZO 

.  16884 

5.  92283 

18684 

5  359flfi 
O.  OU^UU 

20497 

4. 87882 

25 

36 

194 
1Z4 

fi191Q 

. oiziy 

914 

. 91236 

714 
/ 11 

34345 

527 

87162 

24 

37 

1  53 
lOo 

59921 

944 

. 90191 

745 

33487 

557 

86444 

23 

38 

183 
loo 

.  080Z/ 

974 

. 89151 

775 

32631 

588 

. 85727 

22 

39 

913 
Zlo 

57339 

. 17004 

.88114 

805 

31778 

618 

'.  85013 

21 

40 

1  K.943 
.  10Z4O 

«  ^fi055 

0.  OOUOO 

. 17033 

5. 87080 

18835 
. 18800 

5  30Q98 
o. ouyzo 

20648 

4  84300 

20 

41 

979 

ztz 

C4777 
. 04/ /  / 

063 

. 86051 

8fi5 
800 

30080 

679 

835Q0 
. oooyu 

19 

42 

oUZ 

K.3K.03 
. OoOUO 

093- 

. 85024 

895 

29235 

709 

82882 

18 

43 

339 

ooZ 

^9934 

.  OZZOl 

123 

. 84001 

925 

28393 

739 

82175 

17 

44 

3fi9 
OOZ 

c;OQ70 

153 

. 82982 

955 

27553 

770 

'.  81471 

16 

45 

1  coni 

. looyi 

fi  4Q710 
o.  iy  1 11 

. 17183 

5. 81966 

1  8Q8fi 
. 18y80 

5  26715 

9oaoo 

4  807fiQ 
i.  oui uy 

15 

46 

491 
4Zl 

484K.fi 
. 48400 

213 

. 80953 

iom  fi 
. lyuio 

95880 
. Z088U 

830 
8oU 

80068 

14 

47 

4  K.1 
401 

4790fi 
. 4/ ZUO 

243 

.  79944 

f!4fi 
USD 

25048 

861 

79370 

13 

48 

481 
481 

4  KOfil 

. 4oyoi 

273 

.  78938 

n7fi 

Kit  O 

24218 

8Q1 

ayi 

78673 

12 

49 

c.1  1 

Oil 

44790 
.  41/  ZU 

303 

.  77936 

mfi 

1UO 

23391 

921 

. 77978 

11 

50 

1  KC.4fl 

.  1004U 

fi  43484 
0.  4o4S4 

. 17333 

5.  76937 

1 0l  3fi 

. lyioo 

c  99«ififi 
0. ZZOOO 

20952 

4  77286 

10 

51 

570 

499  c.3 
.  4Z_0o 

363 

.  75941 

1  <ifi 

100 

91  744 
.  Zli 41 

Q89 

ysz 

76595 

9 

52 

pno 
OUU 

4109fi 
.  41UZ0 

393 

.  74949 

1Q7 

iy  i 

20925 

21013 

75906 

8 

53 

OoU 

3Q8H4 

. oy8U4 

423 

.  73960 

997 

90107 
.  ZU1U/ 

043 
UIO 

75219 

7 

54 

660 

38587 

453 

.  72974 

257 

19293 

073 

. 74534 

6 

55 

. 15689 

6. 37374 

. 17483 

5.  71992 

. 19287 

5. 18480 

. 21104 

4. 73851 

5 

56 

719 

.36165 

513 

.  71013 

317 

. 17671 

134 

. 73170 

4 

57 

749 

. 34961 

543 

.  70037 

347 

.  16863 

164 

. 72490 

3 

58 

779 

. 33761 

573 

.  69064 

378 

. 16058 

195 

. 71813 

2 

59 

809 

. 32566 

603 

.68094 

408 

. 15256 

225 

. 71137 

60 

. 15838 

6.  31375 

. 17633 

5. 67128 

. 19438 

5. 14455 

. 21256 

4. 70463 

0 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

M. 

81° 

80° 

79° 

78° 

Table  19.— NATURAL  TANGENTS  AND  COTANGENTS— Con. 


M. 

12° 

13° 

11 

15° 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

0 

0. 21256 

4.  70463 

0. 23087 

4.33148 

0.  24933 

4.  01078 

0. 26795 

3. 73205 

60 

1 

286 

.  69791 

117 

. 32573 

964 

.00582 

826 

. 72771 

59 

2 

316 

.  69121 

148 

. 32001 

955 

.00086 

857 

.  72338 

58 

3 

347 

! 68452 

179 

. 31430 

. 25026 

3. 99592 

888 

.  71907 

57 

4 

377 

.  87786 

209 

.30860 

056 

.99099 

920 

. 71476 

56 

5 

21408 

4.  67121 

. 23240 

4. 30291 

. 25087 

3.  98607 

. 26951 

3.  71046 

55 

6 

438 

! 66457 

271 

. 29724 

118 

.98117 

982 

.  70616 

54 

7 

469 

.  65797 

301 

. 29159 

149 

. 97627 

.  27013 

.  70188 

53 

8 

499 

!  65138 

332 

. 28595 

180 

. 97139 

044 

.  69761 

52 

9 

529 

.  64480 

363 

. 28032 

211 

. 96651 

076 

.  69335 

51 

10 

21560 

4. 63825 

.  23393 

4.27471 

. 25242 

3.96165 

27107 

3.  68909 

50 

11 

590 

. 63171 

424 

. 26911 

273 

. 95680 

138 

.  68485 

49 

12 

621 

. 62518 

455 

. 26352 

304 

. 95196 

169 

.  68061 

48 

13 

651 

.  61868 

485 

. 25795 

335 

. 94713 

201 

.  67638 

47 

14 

682 

.  61219 

516 

.  25239 

366 

.94232 

232 

.  67271 

46 

15 

21712 

4.  60572 

. 23547 

4. 24685 

25397 

3. 93751 

.  27263 

3.  66796 

45 

16 

743 

. 59927 

578 

.  24132 

428 

. 93271 

294 

.  66376 

44 

17 

773 

. 59283 

608 

.23580 

459 

. 92793 

326 

.  65957 

43 

18 

804 

.  58641 

639 

. 23030 

490 

. 92316 

357 

. 65538 

42 

19 

834 

. 58001 

670 

.22481 

521 

.91839 

388 

.  65121 

41 

20 

21864 
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Table  19.— NATURAL  TANGENTS  AND  COTANGENTS— Con. 
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Table  19.— NATURAL  TANGENTS  AND  COTANGENTS— Con. 
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279 

. 25840 

rt 
1 

54 

186 

.  61874 

200 

. 48758 

242 

. 36733 

314 

.25663 

6 

55 

. 38220 

2.  61646 

. 40234 

2. 48549 

. 42276 

2. 36541 

.  44349 

2.  25486 

5 

56 

253 

.  61418 

267 

.48340 

310 

.36349 

384 

. 25309 

4 

57 

286 

. 61190 

301 

. 48132 

345 

. 36158 

418 

. 25132 

3 

58 

320 

.60963 

335 

. 47924 

379 

. 35967 

453 

.  24956 

2 

59 

353 

.60736 

369 

. 47716 

413 

. 35776 

488 

. 24780 

1 

60 

.38386 

2.  60509 

. 40403 

2.  47509 

. 42447 

2. 35585 

. 45523 

2. 24604 

0 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

M. 

69° 

68° 

67° 

66° 

63 


Table  19. — NATURAL  TANGENTS  AND  COTANGENTS— Con. 


M. 

24° 

25° 

26° 

27° 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

~~ 0~ 

0.  44523 

2.  24604 

0. 46631 

2. 14451 

0. 48773 

2.  05030 

0.  50953 

1.  96261 

60 

1 

558 

.  24428 

666 

. 14288 

809 

.04879 

989 

.96120 

59 

2 

593 

.  24252 

702 

. 14125 

845 

.04728 

.51026 

. 95979 

58 

3 

627 

.  24077 

737 

.13963 

881 

.04577 

063 

.95838 

57 

4 

662 

.  23902 

772 

. 13801 

917 

.04426 

099 

. 95698 

56 

5 

. 44697 

2.  23727 

. 46808 

2. 13639 

. 48953 

2. 04276 

.  51136 

1. 95557 

55 

6 

732 

.  23553 

843 

. 13477 

989 

.04125 

173 

.95417 

54 

7 

767 

.  23378 

879 

. 13316 

. 49026 

. 03975 

209 

.  95277 

53 

8 

802 

.23204 

914 

. 13154 

062 

. 03825 

246 

.  95137 

52 

9 

837 

.  23030 

950 

.  12993 

098 

.  03675 

283 

.94997 

51 

10 

. 44872 

2.  22857 

. 46985 

2. 12832 

. 49134 

2.  03526 

. 51319 

1.94858 

50 

11 

907 

.  22683 

. 47021 

. 12671 

170 

.  03376 

356 

.94718 

49 

12 

942 

. 22510 

056 

.  12511 

206 

. 03227 

393 

.94579 

48 

13 

977 

.  22337 

092 

.  12350 

242 

.  03078 

430 

.94440 

47 

14 

.45012 

.  22164 

128 

. 12190 

278 

.  02929 

467 

.94301 

46 

15 

. 45047 

2.21992 

. 47163 

2. 12030 

. 49315 

2. 02780 

. 51503 

1.94162 

45 

16 

082 

.  21819 

199 

. 11871 

351 

. 02631 

540 

.94023 

44 

17 

117 

.21647 

234 

. 11711 

387 

.02483 

577 

.93885 

43 

18 

152 

.  21475 

270 

.  11552 

423 

. 02335 

614 

. 93746 

42 

19 

187 

.21304 

305 

.  11392 

459 

. 02187 

651 

.93608 

41 

20 

. 45222 

2.  21132 

. 47341 

2. 11233 

.49495 

2. 02039 

.51688 

1. 93470 

40 

21 

257 

.  20961 

377 

.  11075 

532 

.  01891 

724 

. 93332 

39 

22 

292 

.  20790 

412 

. 10916 

568 

.  01743 

761 

.  93195 

38 

23 

327 

.  20619 

448 

. 10758 

604 

. 01596 

798 

.  93057 

37 

24 

362 

.20449 

483 

.10600 

640 

.01449 

835 

.  93920 

36 

25 

.  45397 

2. 20278 

. 47519 

2. 10442 

. 49677 

2. 01302 

. 51872 

1.92782 

35 

26 

432 

. 20108 

555 

.  10284 

713 

. 01155 

909 

.92645 

34 

27 

467 

. 19938 

590 

. 10126 

749 

.01008 

946 

.92508 

33 

28 

502 

. 19769 

626 

. 09969 

786 

.00862 

983 

.92371 

32 

29 

538 

.  19599 

662 

.  09811 

822 

.00715 

.  52020 

.92235 

31 

30 

. 45573 

2. 19430 

. 47698 

2.  09654 

. 49858 

2.  00569 

.52057 

1.92098 

30 

31 

608 

.  19261 

733 

.09498 

894 

.00423 

094 

.91962 

29 

32 

643 

.  19092 

769 

. 09341 

931 

.  00277 

131 

.91826 

28 

33 

678 

.  18923 

805 

. 09184 

967 

.00131 

168 

.91690 

27 

34 

713 

.  18755 

840 

. 09028 

.  50004 

1.99986 

205 

.91554 

26 

35 

. 45748 

2. 18587 

. 47876 

2. 08872 

.50040 

1.99841 

.52242 

1.  91418 

25 

36 

784 

.  18419 

912 

. 08716 

076 

.  99695 

279 

.91282 

24 

37 

819 

.  18251 

948 

. 08560 

113 

.  99550 

316 

. 91147 

23 

38 

854 

.  18084 

984 

. 08405 

149 

.99406 

353 

.  91012 

22 

39 

889 

.  17916 

. 48019 

. 08250 

185 

. 99261 

390 

.90876 

21 

40 

" .  45924 

2. 17749 

. 48055 

2.  08094 

.  50222 

1. 99116 

.52427 

1.  90741 

20 

41 

960 

.  17582 

091 

. 07939 

258 

. 98972 

464 

.90607 

19 

42 

995 

. 17416 

127 

. 07785 

295 

.98828 

501 

.90472 

18 

43 

. 46030 

.17249 

163 

. 07630 

331 

.98684 

538 

.90337 

17 

44 

065 

. 17083 

198 

. 07476 

368 

.98540 

575 

.90203 

16 

45 

.46101 

2. 16917 

. 48234 

2. 07321 

.50404 

1. 98396 

. 52613 

1.90069 

15 

46 

136 

. 16751 

270 

. 07167 

441 

.  98253 

650 

. 89935 

14 

47 

171 

.  16585 

306 

. 07014 

477 

.  98110 

687 

.89801 

13 

48 

206 

.  16420 

342 

. 06860 

514 

.  97966 

724 

.89667 

12 

49 

242 

.  16255 

378 

.06706 

550 

.97823 

761 

.89533 

11 

50 

. 46277 

2. 16090 

. 48414 

2.  06553 

.50587 

1.97681 

.  52798 

1.89400 

10 

51 

312 

.  15925 

450 

.06400 

623 

. 97538 

836 

.89266 

9 

52 

348 

.  15760 

486 

. 06247 

660 

. 97395 

873 

. 89133 

8 

53 

383 

.  15596 

521 

.06094 

696 

. 97253 

910 

.89000 

7 

54 

418 

.15432 

557 

.05942 

733 

.97111 

947 

.88867 

6 

55 

. 46454 

2. 15268 

.  48593 

2.  05790 

.  50769 

1.96969 

.  52985 

1.88734 

5 

56 

489 

.  15104 

629 

. 05637 

806 

.96827 

.  53022 

.88602 

4 

57 

525 

.14940 

665 

.05485 

843 

.96685 

059 

.88469 

3 

58 

560 

.  14777 

701 

. 05333 

879 

.96544 

096 

.88337 

2 

595 

.  14614 

737 

.  05182 

916 

.96402 

134 

.88205 

i 
i 

60 

. 46631 

2. 14451 

. 48773 

2.  05030 

.  50953 

1.96261 

.53171 

1. 88073 

0 

Cot. 

Tan. 

Cot. 

Tan. 

Cot, 

Tan. 

Cot. 

Tan. 

M. 

65° 

64° 

63° 

62° 

64 


Table  19. — NATURAL  TANGENTS  AND  COTANGENTS— Con. 


M. 

28° 

29° 

30° 

31° 

Tan 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

A 
U 

0. 53171 

1. 88073 

0. 55431 

1. 80405 

0. 57735 

1. 73205 

0. 60086 

1.66428 

60 

1 
1 

208 

. 87941 

469 

.80281 

774 

. 73089 

126 

.  66318 

59 

O 
£1 

246 

. 87809 

507 

. 80158 

813 

. 72973 

165 

. 66209 

58 
oo 

o 
a 

283 

. 87677 

545 

.80034 

851 

. 72857 

205 

.  66099 

57 

A 

320 

.87546 

583 

.  79911 

890 

. 72741 

245 

. 65990 

56 

0 

. 53358 

1. 87415 

.  55621 

1.  79788 

.  57929 

1. 72625 

.60284 

1. 65881 

55 

c 
o 

395 

. 87283 

659 

. 79665 

968 

.  72509 

324 

.  65772 

54 

7 

432 

. 87152 

697 

. 79542 

. 58007 

.  72393 

364 

.  65663 

53 

B 

o 

470 

. 87021 

736 

. 79419 

046 

.  72278 

403 

.  65554 

52 

Q 

y 

507 

.86891 

774 

. 79296 

085 

.  72163 

443 

.65445 

51 

in 

1U 

. 53545 

1. 86760 

. 55812 

1.  79174 

. 58124 

1.  72047 

.  60483 

1. 65337 

5ft 

ii 
ii 

582 

. 86630 

850 

. 79051 

162 

. 71932 

522 

.  65228 

49 

12 

620 

. 86499 

888 

. 78929 

201 

. 71817 

562 

. 65120 

48 

13 

657 

.  86369 

926 

. 78807 

240 

.  71702 

602 

. 65011 

47 

14 

694 

. 86239 

964 

.  78685 

279 

.  71588 

642 

.64903 

4fi 

15 

. 53732 

1. 86109 

. 56003 

1. 78563 

. 58318 

1.  71473 

. 60681 

1. 64795 

45 

16 

769 

. 85979 

041 

. 78441 

357 

. 71358 

721 

.  64687 

44 

17 

807 

.85850 

079 

. 78319 

396 

.  71244 

761 

.  64579 

43 

IS 
i© 

844 

. 85720 

117 

. 78198 

435 

.  70129 

801 

.64471 

42 

19 

882 

.  85591 

156 

. 78077 

474 

.  71015 

841 

.64363 

41 

20 

. 53920 

1. 85462 

. 56194 

1. 77955 

. 58513 

1.  70901 

. 60881 

1. 64256 

40 

21 

957 

. 85333 

232 

. 77834 

552 

.  70787 

921 

.  64148 

39 

22 

995 

. 85204 

270 

. 77713 

591 

.  70673 

960 

. 64041 

38 

23 

. 54032 

. 85075 

309 

. 77592 

631 

.  70560 

.61000 

. 63934 

37 

24 

070 

.84946 

347 

. 77471 

670 

.  70446 

040 

.  63826 

36 

25 

.  54107 

1. 84818 

.  56385 

1. 77351 

. 58709 

1.  70332 

. 61080 

1. 63719 

oo 

26 

145 

. 84689 

424 

.77230 

748 

.  70219 

120 

. 63612 

34 

27 

183 

. 84561 

462 

. 77110 

787 

.  70106 

160 

.  63505 

oo 

28 

220 

. 84433 

501 

. 76990 

826 

.  69992 

200 

.  63398 

32 

Oil 

29 

258 

. 84305 

539 

. 76869 

865 

.  69879 

240 

. 63292 

31 

30 

•  54296 

1.84177 

.  56577 

1.  76749 

. 58905 

1. 69766 

.61280 

1. 63185 

Oil 

31 

333 

.84049 

616 

.  76629 

944 

.69653 

320 

. 63079 

9Q 

Air 

32 

371 

. 83922 

654 

.  76510 

983 

.69541 

360 

. 62972 

28 

33 

409 

.83794 

693 

.  76390 

.59022 

.69428 

400 

. 62866 

27 

34 

446 

.83667 

731 

. 76271 

061 

. 69316 

440 

.  62760 

35 

. 54484 

1. 83540 

. 56769 

1. 76151 

. 59101 

1. 69203 

. 61480 

1. 62654 

ttO 

36 

522 

. 83413 

808 

. 76032 

140 

. 69091 

520 

.62548 

24 

37 

560 

.83286 

846 

.  75913 

179 

. 68979 

561 

.62442 

23 

38 

597 

. 83159 

885 

.75794 

218 

.  68866 

601 

.62336 

22 

39 

635 

. 83033 

923. 

. 75675 

258 

.68754 

641 

. 62230 

21 

40 

. 54673 

1. 82906 

.  56962 

1. 75556 

.  59297 

1. 68643 

. 61681 

1. 62125 

20 

41 

711 

. 82780 

.57000 

.75437 

336 

.68531 

721 

. 62019 

1Q 

42 

748 

. 82654 

039 

. 75319 

376 

.68419 

761 

. 61914 

Ifi 
lo 

43 

786 

.82528 

078 

.  75200 

415 

.68308 

801 

. 61808 

17 

44 

824 

.82402 

116 

.  75082 

454 

.68196 

842 

.  61703 

16 

45 

. 54862 

1.  82276 

. 57155 

1.  74964 

. 59494 

1. 68085 

. 61882 

1. 61598 

15 

46 

900 

.  82150 

193 

.  74846 

533 

. 67974 

922 

.  61493 

11 
i* 

47 

938 

.  82025 

232 

.74728 

573 

. 67863 

962 

.  61388 

13 

lo 

48 

975 

.  81899 

271 

. 74610 

612 

.  67752 

.62003 

.61283 

12 

49 

.  55013 

. 81774 

309 

. 74492 

651 

.67641 

043 

.  61179 

11 
11 

50 

.  55051 

1. 81649 

.  57348 

1. 74375 

.  59691 

1. 67530 

. 62083 

1. 61074 

1ft 

1U 

51 

089 

.  81524 

386 

. 74257 

730 

. 67419 

124 

.60970 

q 

52 

127 

.  81399 

425 

. 74140 

770 

.  67309 

164 

. 60865 

c 
o 

53 

165 

. 81274 

464 

.  74022 

809 

.  67198 

204 

.60761 

7 

54 

203 

. 81150 

503 

.  73905 

849 

. 67088 

245 

. 60657 

g 

55 

1  Q i no  k 

. 0/041 

1. lot  06 

.  59888 

l. Dby7» 

. 62285 

1. 60553 

<r 
o 

56 

279 

80901 

5sn 

73R71 

Q9S 
y~o 

. OOoO/ 

395 

4 

57 

317 

'.  80777 

619 

.  73555 

967 

.  66757 

366 

. 60345 

3 

58 

355 

. 80653 

657 

. 73438 

.60007 

.66647 

406 

.60241 

2 

59 

393 

. 80529 

696 

.  73321 

046 

. 66538 

446 

. 60137 

1 

60 

.55431 

1.  80405 

. 57735 

1. 73205 

.60086 

1. 66428 

.62487 

1.  60033 

0 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

M. 

61° 

60° 

59° 

58° 

65 


Table  19.— NATURAL  TANGENTS  AND  COTANGENTS— Con. 


M. 

32° 

33° 

34° 

35° 

Tan. 

Cot. 

Tan 

X  all. 

'Pan 
X  all. 

o 

0.  62487 

1.  60033 

0. 64941 

1.  53986 

0. 67451 

1.  42815 

0.  70021 

1.  42815 

60 

527 

.  59930 

982 

. 53888 

493 

.48163 

064 

.42726 

59 

2 

568 

.  59826 

.  65024 

.  53791 

536 

. 48070 

107 

.42638 

58 

3 

608 

.  59723 

065 

. 53693 

578 

. 47977 

151 

.  42550 

57 

4 

649 

.  59620 

106 

.  53595 

620 

. 47885 

194 

.  42462 

56 

5 

. 62689 

1.  59517 

.  65148 

1.  53497 

. 67663 

1. 47792 

. 70238 

1.  42374 

55 

6 

730 

.  59414 

189 

.  53400 

705 

. 47699 

281 

. 42286 

54 

7 

770 

.  59311 

231 

.  53302 

748 

. 47607 

325 

.  42198 

53 

s 

811 

.  59208 

272 

.  53205 

790 

.  47514 

368 

. 42110 

52 

9 

852 

.  59105 

314 

. 53107 

832 

.  47422 

412 

. 42022 

51 

10 

.  62892 

1.  59002 

. 65355 

1. 53010 

. 67875 

1.  47330 

. 70455 

1.  41934 

50 

11 

933 

. 58900 

397 

. 52913 

917 

.  47238 

499 

. 41847 

49 

12 

973 

. 58797 

438 

. 52816 

960 

.  47146 

542 

. 41759 

48 

13 

.  63014 

. 58695 

480 

.  52719 

. 68002 

.  47053 

586 

. 41672 

47 

14 

055 

.  58593 

521 

. 52622 

045 

.  46962 

629 

.41584 

46 

15 

. 63095 

1.  58490 

. 65563 

1. 52525 

.  68088 

1.  46870 

.  70673 

1. 41497 

45 

16 

136 

.58388 

604 

.  52429 

130 

. 46778 

717 

.  41409 

44 

17 

177 

.58286 

646 

.  52332 

173 

.46686 

760 

.  41322 

43 

18 

217 

. 58184 

688 

. 52235 

215 

. 46595 

804 

.41235 

42 

19 

258 

. 58083 

729 

. 52139 

258 

. 46503 

848 

. 41148 

41 

20 

. 63299 

1. 57981 

. 65771 

1.  52043 

. 68301 

1. 46411 

.  70891 

1.41061 

40 

21 

340 

. 57879 

813 

.  51946 

343 

.46320 

935 

. 40974 

39 

22 

380 

.  57778 

854 

.  51850 

386 

.  46229 

979 

. 40887 

38 

23 

421 

.  57676 

896 

.  51754 

429 

. 46137 

.  71023 

.40800 

37 

24 

462 

.  57575 

938 

.  51658 

471 

.46046 

066 

.  40714 

36 

25 

.  63503 

1.  57474 

. 65980 

1. 51562 

. 68514 

1. 45955 

. 71110 

1.  40627 

35 

26 

544 

. 57372 

.  66021 

.  51466 

557 

. 45864 

154 

.  40540 

34 

27 

584 

. 57271 

063 

.  51370 

600 

.  45773 

198 

. 40454 

33 

28 

625 

. 57170 

105 

.  51275 

642 

.45682 

242 

. 40367 

32 

29 

666 

.  57069 

147 

.  51179 

685 

. 45592 

285 

.40281 

31 

30 

.63707 

1.  56969 

.  66189 

1.  51084 

.68728 

1. 45501 

. 71329 

1. 40195 

30 

31 

748 

.56868 

230 

.50988 

771 

.45410 

373 

. 40109 

29 

32 

789 

.  56767 

272 

.  50893 

814 

. 45320 

417 

.40022 

28 

33 

830 

.  56667 

314 

.50797 

857 

.45229 

461 

.39936 

27 

34 

871 

. 56566 

356 

.  50702 

900 

. 45139 

505 

. 39850 

26 

35 

.  63912 

1.  56466 

.66398 

1. 50607 

.68942 

1.  45049 

. 71549 

1. 39764 

25 

36 

953 

.56366 

440 

.  50512 

985 

.44958 

593 

. 39679 

24 

37 

994 

. 56265 

482 

.  50417 

.  69028 

.44868 

637 

.  39593 

23 

38 

. 64035 

. 56165 

524 

.  50322 

071 

. 44778 

681 

.  39507 

22 

39 

076 

. 56065 

566 

.50228 

114 

.44688 

725 

.  39421 

21 

40 

.64117 

1. 55966 

.  66608 

1.  50133 

. 69157 

1. 44598 

.  71769 

1. 39336 

20 

41 
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.  55866 

650 

.  50038 
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.44508 

813 

.  39250 

19 

42 

199 

. 55766 

692 

.  49944 
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. 44418 

857 

.39165 

18 

43 

240 

.  55666 

734 

.  49849 

286 

.44329 

901 

.39079 

17 

44 

281 

.  55567 

776 

.  49755 

329 

. 44239 

946 

.38994 

16 

45 

.64322 

1. 55467 

.66818 

1.  49661 

. 69372 

1.  44149 

. 71990 

1. 38909 

15 

46 

363 

.55368 

860 

.  49566 

416 

.44060 

. 72034 

.38824 

14 

47 

404 

.  55269 
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. 49472 

459 

. 43970 

078 

.38738 

13 

48 

446 

.55170 

944 

. 49378 

502 

.43881 

122 

.38653 

12 

49 

487 

. 55071 

986 

.  49284 

545 

. 43792 

167 

.38568 

11 

50 

.64528 

1. 54972 

. 67028 

1.  49190 

.69588 

1.  43703 

.  72211 

1.38484 

10 

51 

569 

.  54873 

071 

. 49097 

631 

.43614 

255 

.38399 

9 

52 
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.  54774 

113 

.49003 

675 

. 43525 

299 

.38314 

8 

53 
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.  54675 
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718 

.43436 

344 

.38229 

7 

54 
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. 48816 

761 
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55 
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4 

57 
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3 

58 
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366 
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934 

. 42992 
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. 37807 

2 

59 
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. 54085 

409 

.48349 
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.42903 
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60 
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Table  19. — NATURAL  TANGENTS  AND  COTANGENTS— Con. 


M. 

36° 

37° 

38° 

39° 

Tan. 

Tan. 

Tan. 

L/OL. 

Tan. 



0 

0. 72654 

1.37638 

0. 75355 

1. 32704 

0.  78129 

1. 27994 
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1. 23490 

60 

1 
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.  32624 
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59 

2 
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58 

3 
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57 

4 
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171 
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56 

5 
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. 81220 
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55 

6 
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54 
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53 
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. 73010 
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52 

9 
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. 27306 
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51 
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1.  27230 
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.27001 

606 
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33 
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34 

176 
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18 

43 
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17 

44 
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16 

45 
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15 

46 
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475 
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14 
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13 

48 
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12 

49 
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615 
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11 

50 
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10 

51 
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465 
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9 

52 
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8 
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58 
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2 

59 
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Table  19. — NATURAL  TANGENTS  AND  COTANGENTS— Con. 


M. 

40° 

41° 

42° 

43° 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

P.nt 
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0. 86929 
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0. 93252 

1. 07237 

i 
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.  19105 
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306 

.  07174 

59 

2 
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.  19035 

. 87031 
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360 

.  07112 

oo 

3 
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.  18964 
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.  10867 

415 

. 07049 

57 

4 
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. 18894 
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.  10802 

469 
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56 

5 

. 84158 

1. 18824 
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1. 14699 

.  90304 
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. 93524 

1. 06925 

55 

6 
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. 18754 

236 

. 14632 

357 

.  10672 

578 
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54 

7 
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. 18684 
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.  14565 

410 

.  10607 
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53 

8 
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52 

9 
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389 
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51 
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. 84407 
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50 

11 
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. 14296 
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.  10349 
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.  06551 

49 

12 
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48 

13 
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.  14162 
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47 

14 
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46 
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45 

16 
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44 

17 
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.  13894 
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43 

18 
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19 
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41 
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21 
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39 

22 
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23 
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110 
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510 
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37 

24 
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. 13428 
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36 

25 
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35 

26 
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27 
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.  09322 
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.  05562 

33 

28 
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.  13162 
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.  05501 

32 

29 

358 

.  17154 
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.  13096 
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.  09195 

841 

.  05439 

31 

30 

.  85408 
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.  88473 

1. 13029 

. 91633 
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.94896 

1. 05378 

30 

31 
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.  17016 

524 

.  12963 

687 

.  09067 
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.05317 

29 

32 

509 

.  16947 

576 

. 12897 

740 

.09003 

.95007 

.  05255 

28 

33 
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.  16878 

628 

. 12831 

794 

.  08940 
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.  05194 

27 

34 

609 

.  16809 
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. 12765 

847 

.  08876 

118 

.05133 

26 

35 

. 85660 

1. 16741 

. 88732 

1. 12699 

. 91901 

1.  08813 

. 95173 

1. 05072 

25 

36 
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.  16672 
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. 12633 
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. 08749 
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. 05010 

24 

37 
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.  16603 
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.  12567 

.  92008 

.08686 
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.  04949 

23 

38 
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.  16535 
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.  12501 
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.04888 

22 

39 
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.  16466 
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.  12435 
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. 08559 
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21 

40 
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20 

41 
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.  16329 
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19 
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18 

43 
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17 

44 
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. 04522 

16 

45 
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15 

46 
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493 
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14 

47 
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13 
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12 
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. 07927 
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Table  19.— NATURAL  TANGENTS  AND  COTANGENTS— Con. 
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SLOPE  STAKES  AND  AREAS— SPECIAL  USE  OF  TABLE  21 

The  data  shown  in  table  21  are  for  use  in  staking  a  road  section  without  a  ditch;  however 
this  table  may  also  be  used  to  stake  a  road  section  with  a  ditch. 

Here  is  the  procedure  for  staking  a  road  section  with  a  ditch.  Win  table  21  normally  equals 
the  width  of  finished  road  without  ditch.  For  adaptation  in  this  table: 

W=  Required  road  width+D 

where  D  equals  the  width  required  for  the  ditch  (fig.  16).  D  will  vary  with  the  cut  slope  and 
should  be  computed,  to  the  nearest  foot,  for  each  new  cut  slope. 


Example 

1 .  Required,  a  12-foot-wide  road  with  ditch  and  a  %:1  cut  slope. 

2.  Compute  D:  -0=3+0.75=3.75;  use  4. 

3.  Compute  W:  W=  12+4 =16. 

4.  Locate  part  of  table  for  W=16. 

5.  Use  data  for  setting  slope  stakes  and  obtaining  end  area  for  excavation. 

6.  Add  a  number  to  the  square  feet  of  end  area  shown  in  column  A.  This  number  is  the  square 
feet  of  end  area  for  the  ditch.  It  will  vary  with  the  cut  slope  and  should  be  recomputed 
for  each  cut  slope. 

For  a  30  percent  ground  slope  and  %\\  cut  slope— 

A  B  F  C  S 

16.0  9.1  13.1  3.5  12.3 

2.0 

18.0 
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Natural  Ground 


Figure  16. 
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Table  22.— CLEARING  LIMITS 

[For  use  in  staking  clearing  limits  where  the  fill  is  permitted  to  run  through  between  the  trees 
up  to  a  maximum  depth  at  clearing  line  of  3  feet.] 
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METHOD  AND  TABLES  FOR  STAKING  SWITCHBACKS  WITH 
10  PERCENT  MORE  CUT  THAN  FILL 


(Here  cut  slope  is  assumed  to  be  H  to  1  and  fill  slope  V/i  to  1.) 


7b/7Q&>t  6%  onti  Carve  4%  Gnzcfes 


Figure  17. 


40-FOOT  RADIUS  CURVE  50-FOOT  RADIUS  CURVE 


Ground 
Slope 
(percent) 

A 

B 

C 

Ground 

slope 
(percent) 

A 

B 

C 

10 

28.4 

2.0 

25.0 

10 

35.5 

2.7 

31.3 

15 

33.1 

3.0 

58.3 

15 

41.4 

4.3 

72.9 

20 

35.4 

4.3 

91.6 

20 

44.3 

5.7 

114.5 

25 

37.0 

5.5 

125.0 

25 

46.3 

7.0 

156.3 

30 

37.7 

6.7 

158.3 

30 

47.1 

8.2 

197.9 

35 

38.0 

7.8 

191.6 

35 

47.5 

9.4 

239.5 

40 

38.4 

8.8 

225.0 

40 

48.0 

10.4 

281.3 

60-FOOT  RADIUS  CURVE  80-FOOT  RADIUS  CURVE 


Ground 

slope 
(percent) 

A 

B 

C 

Ground 

slope 
(percent) 

A 

B 

C 

10 

42.6 

3.5 

37.5 

10 

56.8 

5.0 

50.0 

15 

49.7 

5.5 

87.5 

15 

66.2 

8.0 

116.7 

20 

53.1 

7.1 

137.4 

20 

70.8 

10.0 

183.3 

25 

55.5 

8.5 

187.5 

25 

74.0 

11.7 

250.0 

30 

56.5 

9.8 

237.5 

30 

75.4 

13.0 

316.7 
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Table  23— SLOPE  STAKES  FOR  THROUGH  CUTS 


[Distances  to  upper  and  lower  slope  stake  from  center  line  for  12-foot  width  of  roadway  with- 
out ditch  i] 

CUT  SLOPE  1:1 


Side  slope  of  ground  (percent) 

Cut  at  center 

line  (feet) 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 


55 

60 

t__ 

..  Upper .  . 

7.  4 

7.  8 

8.3 

8.9 

9.6 

10.4 

11.4 

12.6 

14.0 

15.  6 



17.  8 



20.  4 

Lower. . 

6.  7 

6. 4 

6. 1 

2  5.9 

2  5.8 

2  5.7 

2  5.5 

2  5.  4 

2  5.3 

2  5.  2 

2  5. 1 

2  5. 1 

2- 

.  .Upper. . 

8.4 

8.9 

9.  5 

10.2 

11.0 

11.9 

13.0 

14.3 

16.0 

17.  9 

20.3 

23.  3 

Lower.  . 

7.  6 

7. 3 

7. 0 

6.8 

6.6 

6.4 

6.2 

6.2 

6.1 

6.0 

2  5.  9 

5.8 

3.. 

_ .  Upper . . 

9.  5 

10. 0 

10.  7 

11.5 

12.4 

13.4 

14.7 

16.1 

18.0 

20. 1 

22.  8 

26.  2 

Lower. - 

8.  6 

8.  2 

7. 9 

7.6 

7.4 

7.2 

7.1 

6.9 

6.8 

6. 7 

6.  7 

6. 7 

4.. 

.  .Upper.  . 

10.  5 

11.  2 

11.  9 

12.7 

13.8 

14.9 

16.3 

17.9 

20.0 

22.  4 

25.  4 

29. 1 

Lower.  . 

9.  5 

9. 1 

8.  8 

8.5 

8.2 

8.0 

7.8 

7.7 

7.6 

7.  4 

7.  4 

7.3 

5__ 

.  .Upper  _  . 

11.  6 

12. 3 

13. 1 

14.0 

15.1 

16.4 

17.9 

19.7 

22.0 

24.  6 

27.  9 

32. 1 

Lower  _ - 

10.  5 

10.  0 

9.  7 

9.3 

9. 1 

8.8 

8.6 

8.5 

8.3 

8.  2 

8. 1 

8.0 

6__ 

.  .Upper.  . 

12.  6 

13.  4 

14.3 

15.3 

16.5 

17.9 

19.6 

21.5 

24.0 

26.  8 

30.  4 

35.0 

Lower.  . 

11.  4 

11.0 

10.  5 

10.2 

9.9 

9.6 

9.4 

9.2 

9.1 

8.  9 

8.  8 

8.  7 

7.. 

.  .Upper.  . 

13.  7 

14.  5 

15.  4 

16.6 

17.9 

19.4 

21.2 

23.3 

26.0 

29. 1 

33.  0 

37.  9 

Lower,  . 

12.  4 

11.  9 

11.  4 

11.0 

10.7 

10.4 

10.1 

10.0 

9.8 

9.  7 

9.  6 

9.  5 

8.. 

.  Upper .  - 

14.  7 

15.  6 

16.  6 

17.8 

19.3 

20.9 

22.8 

25.1 

28.0 

31.  3 

35.  5 

40.  8 

Lower.  . 

13.  3 

12.  8 

12.  3 

11.9 

11.5 

11.2 

11.0 

10.7 

10.6 

10.  4 

10. 3 

10.  2 

9.. 

.  Upper.  . 

15.  8 

16.  7 

17.  8 

19.1 

20.6 

22.4 

24.4 

26.9 

30.0 

33.  5 

38. 1 

43.  7 

Lower.  . 

14.3 

13.  7 

13.  2 

12.7 

12.4 

12.0 

11.8 

11.5 

11.4 

11.  2 

11. 0 

10.  9 

10. 

-Upper. - 

16.  8 

17.  9 

19.  0 

20.4 

22.0 

23.8 

26.1 

28.7 

32.0 

35.  8 

40.  6 

46.  6 

Lower  - . 

15.  2 

14.  6 

14. 1 

13.6 

13.2 

12.8 

12.6 

12.3 

12.1 

11.  9 

11. 8 

11.  6 

11. 

.Upper.  . 

17.  9 

19.0 

20.  2 

21.7 

23.4 

25.3 

27.7 

30.5 

34.0 

38.0 

43. 1 

49.  5 

Lower.  . 

16.  2 

15.  5 

14.  9 

14.4 

14.0 

13.6 

13.3 

13.1 

12.9 

12.  7 

12.  5 

12.  4 

12. 

.Upper.  . 

18.  9 

20. 1 

21.  4 

22.9 

24.8 

26.8 

29.3 

32.3 

36.0 

40.  2 

45.  7 

52.  5 

Lower .  . 

17. 1 

16.  4 

15.  8 

15.3 

14.9 

14.4 

14.1 

13.8 

13.6 

13.  4 

13.  3 

13. 1 

13. 

.  Upper.  . 

20.  0 

21.  2 

22.  6 

24.2 

26.1 

28.3 

31.0 

34.1 

38.0 

42.  5 

48.  2 

55.  4 

Lower- - 

18. 1 

17.  3 

16.  7 

16.1 

15.7 

15.2 

14.9 

14.6 

14.4 

14.  2 

14.  0 

13.  8 

14. 

.Upper.  . 

21.  0 

22. 3 

23.  8 

25.5 

27.5 

29.8 

32.6 

35.9 

40.0 

44.  7 

50.  7 

58.  3 

Lower .  . 

19.  0 

18.  3 

17.  6 

17.0 

16.5 

16.0 

15.7 

15.4 

15.1 

14.  9 

14.  7 

14.  6 

15. 

.  Upper  .. 

22. 1 

23.  4 

25.0 

26.8 

28.9 

31.3 

34.2 

37.7 

42.0 

47.  0 

53.  3 

61.  2 

Lower.. 

20.  0 

19.  2 

18.  5 

17.8 

17.3 

16.8 

16.5 

16.1 

15.9 

15.  6 

15.  5 

15. 3 

16. 

.Upper.  . 

23. 1 

24.  6 

26. 1 

28.0 

30.3 

32.8 

35.9 

39.  5 

44.0 

49.  2 

55.  8 

64. 1 

Lower. - 

21.  0 

20. 1 

19.3 

18.7 

18.2 

17.6 

17.3 

17.0 

16.7 

16.  4 

16.  2 

16.0 

17.. 

.Upper, - 

24.2 

25.7 

27.3 

29.3 

31.6 

34.3 

37.5 

41.3 

46.0 

51.4 

58.4 

67.0 

Lower  - - 

21.9 

21.0 

20.2 

19.5 

19.0 

18.5 

18.1 

17.7 

17.4 

17.1 

16.9 

16.8 

18.. 

-Upper. - 

25.2 

26.8 

28.5 

30.6 

33.0 

35.8 

39.1 

43.1 

48.0 

53.7 

60.9 

70.0 

Lower .  . 

22.9 

21.9 

21.1 

20.4 

19.8 

19.3 

18.8 

18.5 

18.2 

17.9 

17.7 

17.5 

19. 

.  Upper  -. 

26.3 

27.9 

29.7 

30.9 

34.4 

37.3 

40.7 

44.9 

50.0 

55.9 

63.4 

72.9 

Lower,. 

23.8 

22.8 

22.0 

21.2 

20.6 

20. 1 

19.6 

19.2 

18.9 

18.6 

18.4 

18.2 

20.. 

.Upper,  - 

27.4 

29.0 

30.9 

31.9 

35.7 

38.8 

42.4 

46.7 

52.0 

58.1 

66.0 

75.8 

Lower. - 

24.8 

23.7 

22.8 

22.1 

21.5 

20.9 

20.4 

20.0 

19.7 

19.4 

19. 1 

18.9 

1  In  case  the  width  of  12  feet  is  increased,  use  the  table  as  it  is  and  increase  horizontally  from 
the  slope  stake  the  additional  distance  required. 

2  The  slope  distance  out  from  center  stake  where  grade  line  intersects  ground  line. 
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Table  23.— SLOPE  STAKES  FOR  THROUGH  CUTS— Continued 

[Distances  to  upper  and  lower  slope  stake  from  center  line  for  12-foot  width  of  roadway  with- 
out ditch  i] 

CUT  SLOPE  3/4:1 


Side  slope  of  ground  (percent) 


line  (feet) 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

1 

.Upper.. 

7.0 

7.3 

7.7 

8. 1 

8.6 

9.  1 

9.5 

10.4 

11.2 

12.1 

13.  1 

14.3 

Lower.. 

6.5 

6.3 

6.  1 

2  5.1 

2  4.1 

2  3.3 

2  3.0 

2  2.7 

2  2.4 

2  2.2 

2  2.0 

2  1.9 

2 

_  Upper . . 

7.8 

8.2 

8.6 

9.0 

9.5 

10. 1 

10.6 

11.5 

12.5 

13.4 

14.6 

15.9 

Lower. . 

7.2 

7.0 

6.8 

6.6 

6.5 

6.4 

6.1 

2  5.4 

2  4.9 

2  4.5 

2  4.1 

2  3.9 

3... 

.Upper.  . 

8.6 

9.0 

9.4 

9.9 

10.5 

11. 1 

11.7 

12.7 

13.7 

14.8 

16.1 

17.5 

Lower . . 

7.9 

7.7 

7.5 

7.3 

7.2 

7.0 

6.9 

6.8 

6.7 

6.7 

6.7 

6.6 

4 ... 

.Upper.  - 

9.4 

9.9 

10.3 

10.8 

11.4 

12.1 

12.8 

13.9 

15.0 

16.1 

17.5 

19.1 

Lowrer . . 

8.7 

8.4 

8.2 

8.0 

7.8 

7.7 

7.6 

7.4 

7.4 

7.3 

7.3 

7.2 

5... 

.Upper.  . 

10.1 

10.6 

11.  1 

11.7 

12.4 

13.1 

13.8 

15.0 

16.2 

17.5 

19.0 

20.7 

Lower.  . 

9.4 

9. 1 

8.9 

8.6 

8.5 

8.3 

8.2 

8. 1 

8.0 

7.9 

7.9 

7.8 

6... 

.Upper.  . 

10.9 

11.4 

12.0 

12.6 

13.3 

14.2 

14.9 

16.2 

17.4 

18.8 

20.5 

22.3 

LowTer.. 

10.1 

9.8 

9.5 

9.3 

9.  1 

8.9 

8.8 

8.7 

8.6 

8.5 

8.5 

8.4 

7... 

_  Upper.. 

11.7 

12.2 

12.8 

13.5 

14.3 

15.2 

16.0 

17.3 

18.7 

20.2 

21.9 

23.9 

Lower. . 

10.8 

10.5 

10.2 

10.0 

9.8 

9.6 

9.5 

9.3 

9.2 

9. 1 

9. 1 

9.0 

8... 

.Upper.. 

12.5 

13.1 

13.7 

14.4 

15.3 

16.2 

17.1 

18.5 

19.9 

21.5 

23.4 

25.5 

Lower. . 

11.6 

11.2 

10.9 

10.6 

10.4 

10.2 

10.1 

9.9 

9.8 

9.7 

9.7 

9.6 

9... 

.Upper.. 

13.3 

13.9 

14.5 

15.3 

16.2 

17.2 

18.2 

19.7 

21.2 

22.9 

24.9 

27.1 

Lower.  . 

12.3 

11.9 

11.6 

11.3 

11.1 

10.9 

10.7 

10.6 

10.5 

10.4 

10.3 

10.2 

10. 

.Upper.  . 

14.1 

14.7 

15.4 

16.2 

17.2 

18.2 

19.3 

20.8 

22.4 

24.2 

26.3 

28.7 

Lower.  . 

13.0 

12.6 

12.3 

12.0 

11.7 

11.5 

11.3 

11.2 

11. 1 

11.0 

10.9 

10.8 

11. 

.Upper. . 

14.8 

15.5 

16.3 

17.1 

18.1 

19.2 

20.3 

22.0 

23.7 

25.6 

27.8 

30.3 

Lower. . 

13.7 

13.3 

13.0 

12.6 

12.4 

12. 1 

12.0 

11.8 

11.7 

11.6 

11.5 

11.5 

12. 

.Upper. . 

15.6 

16.3 

17. 1 

18.0 

19.1 

20.2 

21.4 

23. 1 

24.9 

26.9 

29.2 

31.9 

Lower. . 

14.5 

14.0 

13.6 

13.3 

13.0 

12.8 

12.6 

12.4 

12.3 

12.2 

12.1 

12.1 

13. 

.Upper.. 

16.4 

17. 1 

18.0 

18.9 

20.0 

21.3 

22.5 

24.3 

26.2 

28.2 

30.7 

33.5 

Lower  . 

15.2 

14.7 

14.3 

14.0 

13.7 

13.4 

13.2 

13.1 

12.9 

12.8 

12.7 

12.7 

14. 

.Upper. . 

17.2 

18.0 

18.8 

19.8 

21.0 

22.3 

23.6 

25.4 

27.4 

29.6 

32.2 

35. 1 

Lower. . 

15.9 

15.4 

15.0 

14.6 

14.3 

14. 1 

13.9 

13.7 

13.6 

13.4 

13.3 

13.3 

15. 

.Upper.. 

17.9 

18.  8 

19.7 

20.  7 

21.9 

23.3 

24.7 

26.6 

28.7 

30.9 

33.6 

36.7 

Lower. . 

16.6 

16.1 

15.7 

15.3 

15.0 

14.7 

14.5 

14.3 

14.  2 

14.0 

13.9 

13.9 

16. 

.Upper.. 

18.7 

19.6 

20.5 

21.6 

22.9 

24.3 

25.7 

27.8 

29.9 

32.3 

35.  1 

38.3 

Lower.  - 

17.4 

16.8 

16.4 

16.0 

15.7 

15.3 

15.1 

14.9 

14.8 

14.6 

14.5 

14.5 

17. 

.Upper. . 

19.5 

20.4 

21.4 

22.5 

23.9 

25.3 

26.8 

28.9 

31.2 

33.6 

36.6 

39.9 

Lower  . 

18.1 

17.5 

17. 1 

16.6 

16.3 

16.0 

15.8 

15.5 

15.4 

15.3 

15.2 

15.  1 

18. 

.  Upper.  . 

20.3 

21.2 

22.3 

23.4 

24.8 

26.3 

27.9 

30. 1 

32.4 

35.0 

38.0 

41.5 

Lower. . 

18.8 

18.2 

17.7 

17.3 

17.0 

16.6 

16.4 

16.2 

16.0 

15.9 

15.8 

15.7 

19. 

.  Upper.  . 

21. 1 

22.0 

23.1 

24. 3 

25.8 

27.3 

29.0 

31.2 

33.7 

36.3 

39.5 

43.1 

Lower. . 

19.5 

18.9 

18.4 

18.0 

17.6 

17.3 

17.0 

16.8 

16.6 

16.5 

16.4 

16.3 

20. 

Upper.  . 

21.9 

22.9 

24.0 

25.2 

26.7 

28.4 

30. 1 

32.4 

34.9 

37.7 

41.0 

44.7 

Lower. . 

20.3 

19.7 

19. 1 

18.5 

18.3 

17.9 

17.7 

17.4 

17.3 

17.  1 

17.0 

16.9 

1  In  case  the  width  of  12  feet  is  increased,  use  the  table  as  it  is  and  increase  horizontally 
from  the  slope  stake  the  additional  distance  required. 

2  The  slope  distance  out  from  center  stake  where  grade  line  intersects  ground  line. 
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Table  23.— SLOPE  STAKES  FOR  THROUGH  CUTS— Continued 


[Distances  to  upper  and  lower  slope  stake  from  center  line  for  12-foot  width  of  roadway 

without  ditch  !] 

CUT  SLOPE  i/2:l 


Side  slope  of  ground  (percent) 

Cut  at  center 

line  (feet) 

5 

10 

15 

20 

25 

30 

00 

40 

45 

50 

55 

60 

— 
1_. 

.  .Upper.  _ 

fi  7 
O.  1 

0.  y 

7  1 

7.  4 

7. 7 

8. 0 

8. 3 

8. 8 

9. 2 

q  7 
y.  1 

in  9 



in  a 

IU.  0 

Lower.  _ 

fi  9 
O.  O 

6.  2 

a  1 

0.  X 

2  5.  9 

2  5.  7 

2  5.  6 

2  5.  5 

2  5. 4 

2  5. 2 

2  5. 1 

2  5  n 

2  4  8 

2.. 

..Upper.. 

7. 2 

7.  4 

7.  7 

7. 9 

8. 2 

8.  6 

9. 0 

9. 4 

9. 9 

10. 4 

11  n 

xx.  \j 

117 

XX.  / 

Lower.  _ 

fi  8 

6.  7 

fi  fi 

O.  D 

6.  5 

6. 4 

2  5. 9 

2  5. 9 

2  5. 8 

2  5. 7 

2  5. 6 

"  O.  a: 

2^9 

3._ 

.  .Upper.  _ 

7.  7 

7.  9 

8.  2 

8.  5 

8.  8 

9. 2 

9. 6 

10. 1 

10. 6 

11. 2 

11.  8 

12  5 

Lower.. 

7. 3 

7. 2 

7!  1 

7. 0 

6. 9 

6. 8 

6.  8 

6. 7 

6.  7 

6.  7 

2  5. 9 

2  5.  7 

4__ 

..Upper.. 

8.  2 

8.  5 

8.  7 

9. 1 

9. 4 

9.  8 

10. 3 

10. 8 

11. 3 

ll!  9 

19  fi 
x^.  0 

19  9 
xo.  0 

Lower.  _ 

7.  8 

7.  7 

7.  5 

7. 4 

7. 3 

7. 3 

7. 2 

7. 2 

7. 2 

7. 2 

7. 2 

7.  2 

5__ 

.  .Upper.  _ 

8  7 

q  n 
y.  u 

q  3 

y.  O 

9.  6 

10.  0 

10. 4 

10. 9 

11. 4 

12. 0 

12.  7 

19  4 
xo.  t 

14  9 
X4.  z 

Lower.  _ 

8.  3 

8. 1 

8  n 

0.  u 

7. 9 

7. 8 

7. 7 

7. 7 

7. 6 

7. 6 

7. 6 

7  fi 

7  fi 

6-_ 

_  .Upper  _  _ 

9. 2 

9.  5 

q  8 

a.  O 

10. 2 

10.  6 

11. 1 

11.  6 

12. 1 

12.  7 

19  4 

XO.  4: 

14  9 
it.  ^ 

1  ^  n 
10.  u 

Lower.  _ 

o.  o 

8.  6 

8.  5 

8. 3 

8. 2 

8.  2 

8. 1 

8. 1 

8. 1 

8  n 

O.  u 

8  1 

0.  X 

8  1 
0.  X 

7__ 

Upper  _  _ 

9  g 

10.  0 

10. 4 

10.  8 

11. 2 

11. 7 

12.  2 

12.  8 

13. 4 

14. 2 

15. 0 

15.  8 

Lower.  _ 

q  q 

y.  O 

9. 1 

8  q 
0.  y 

8. 8 

8.  7 

8.  6 

8. 6 

8.  5 

8.  5 

8 

8  ^ 
0.  u 

8  ^ 
0.  O 

8.. 

..Upper.. 

10.  3 

in  fi 

XU.  U 

10.  9 

11. 3 

11. 8 

12. 3 

12.  8 

13.  5 

14. 2 

14. 9 

15.  7 

Ifi  7 

XO.  ( 

Lower.  _ 

9.  8 

9. 6 

9.  4 

9. 3 

9. 2 

9. 1 

9. 0 

9. 0 

9. 0 

g[  9 

9. 0 

9.  0 

9_. 

.  .Upper.  . 

in  s 

XU.  O 

11. 1 

11.  5 

11. 9 

12. 4 

12. 9 

13.  5 

14. 1 

14. 9 

15.  7 

16.  5 

17.  5 

Lower.  _ 

10. 3 

10. 0 

9  9 

9.  7 

9.  6 

9.  5 

9. 5 

9. 4 

9. 4 

9!  4 

9. 4 

9. 4 

10- 

.  .Upper.  _ 

119 

XX.  o 

lift 

XX.  o 

12. 0 

12.  5 

13. 0 

13.  5 

14. 1 

14.  8 

15.  6 

Ifi  4. 
xo.  t 

17  9 
XI .  0 

18  9 
xo.  0 

Lower.  _ 

10. 7 

10.  5 

10.  3 

10. 2 

10. 1 

10.0 

9. 9 

9. 9 

9. 9 

9.  8 

9.  8 

9.  9 

11. 

.  .Upper. - 

lis 

xx.  o 

12  2 

12  6 

13.0 

13.  5 

14. 1 

14.  8 

15.  5 

16.3 

17  1 

X  <  .  X 

18  1 
xo.  x 

19  2 

Lower__ 

11. 2 

11  n 

IX.  u 

in  a 

XU.  0 

10.  7 

10.  5 

10. 4 

10. 4 

10. 3 

10. 3 

10. 3 

10. 3 

in  9 
xu.  0 

12. 

..Upper.. 

19  9 
X4.  o 

19  7 

19  1 

lO.  1 

13.  6 

14. 1 

14.  7 

15. 4 

16. 2 

17.0 

17  q 
x  1 .  y 

18  9 

9n  n 

Lower.. 

11  7 
xx.  < 

11  5 

119 

XI.  0 

11. 1 

11. 0 

10. 9 

10. 8 

10. 8 

10. 8 

in  7 
xu.  < 

in  7 

XU.  1 

in  8 

xu.  O 

13. 

.  .Upper  _  _ 

12. 8 

13. 2 

19  7 
xo.  4 

14.  2 

14.  7 

15. 4 

16. 1 

16. 8 

17.  7 

18. 6 

19.  7 

20. 8 

Lower.  _ 

12. 2 

12. 0 

11  8 

XX.  0 

11.  6 

11.  5 

11. 3 

11. 3 

11. 2 

11. 2 

ll!  2 

ll!  2 

ll!  2 

14. 

.  .Upper.  _ 

13. 3 

19'fi 

xo.  0 

14.  9 

14.  7 

15. 3 

16. 0 

16.  7 

17.  5 

18. 4 

19. 4 

20.  5 

21.  7 

Lower.  _ 

12.  7 

12. 4 

12.  2 

12. 1 

11. 9 

11. 8 

11.  7 

11.  7 

11.  7 

ll!  6 

ll!  6 

ll!  7 

15. 

..Upper.. 

13!  9 

14  9 

14  8 

15. 3 

15. 9 

16.  6 

17. 3 

18. 2 

19. 1 

20. 1 

21. 3 

22.  5 

Lower.  . 

13. 2 

12. 9 

19  7 
x^.  / 

12.  5 

12.  4 

12. 3 

12.  2 

12. 1 

12. 1 

12!  1 

12. 1 

12!  1 

16. 

..  Upper  _  _ 

14  4 

id' « 

14:.  O 

15. 3 

15.9 

16.5 

17.2 

18.0 

18.8 

19.8 

20. 9 

22. 0 

23. 3 

Lower.  . 

13.  7 

13. 4 

13. 2 

13.0 

12.8 

12.7 

12.6 

12.6 

12.6 

12. 5 

12. 5 

12. 6 

17. 

..Upper.. 

14!  9 

15.' 3 

15!  9 

16.4 

17.1 

17.8 

18.6 

19.5 

20.5 

21."  6 

22^8 

24^2 

Lower. . 

14. 2 

13. 9 

13. 6 

13.4 

13.3 

13.2 

13.1 

13.0 

13.0 

13.0 

13.0 

13.0 

18. 

..  Upper.  . 

15.4 

15.9 

16.4 

17.0 

17.7 

18.4 

19.3 

20.2 

21.2 

22.4 

23.6 

25.0 

Lower. . 

14.7 

14.4 

14.1 

13.9 

13.7 

13.6 

13.5 

13.5 

13.5 

13.4 

13.4 

13.5 

19. 

..Upper.. 

15.9 

16.4 

16.9 

17.6 

18.3 

19.0 

19.9 

20.9 

21.9 

23.1 

24.4 

25.8 

Lower.  _ 

15.1 

14.8 

14.6 

14.4 

14.2 

14.1 

14.0 

13.9 

13.9 

13.9 

13.9 

13.9 

20. 

.  .Upper.  _ 

16.4 

16.9 

17.5 

18.1 

18.8 

19.7 

20.5 

21.5 

22.6 

23.9 

25.2 

26.7 

Lower.. 

15.6 

15.3 

15.1 

14.8 

14.7 

14.5 

14.4 

14.4 

14.4 

14.3 

14.3 

14.4 

1  In  case  the  width  of  12  feet  is  increased,  use  the  table  as  it  is  and  increase  horizontally 
from  the  slope  stake  the  additional  distance  required. 

2  The  slope  distance  out  from  center  stake  where  grade  line  intersects  ground  line. 
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Table  23. — SLOPE  STAKES  FOR  THROUGH  CUTS— Continued 

[Distances  to  upper  and  lower  slope  stake  from  center  line  for  12-foot  width  of  roadway 

without  ditch  •] 

CUT  SLOPE  1/4 :1 


Side  slope  of  ground  (percent) 


line  (feet) 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

1__ 

_  .Upper.  _ 

6.3 

6.4 

6.6 

6.7 

6.9 

7.1 

7.3 

7.5 

7.7 

8.0 

8.3 

8.6 

Lower  _  . 

6.2 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.1 

6.2 

6.2 

6.3 

6.3 

2__ 

.  .Upper 

6.6 

6.7 

6.8 

7.0 

7.1 

7.3 

7.5 

7.8 

8.0 

8.3 

8.6 

8.9 

Lower.  _ 

6.4 

6.4 

6.3 

6.3 

6.3 

6.3 

6.3 

6.4 

6.4 

6.5 

6.5 

6.6 

3__ 

_  .Upper 

6.8 

7.0 

7.1 

7.2 

7.4 

7.6 

7.8 

8.1 

8.3 

8.6 

8.9 

9.3 

Lower. . 

6.7 

6.6 

6.6 

6.6 

6.5 

6.6 

6.6 

6.6 

6.7 

6.7 

6.8 

6.8 

4__ 

-.  Upper.  _ 

7.1 

7.2 

7.4 

7.5 

7.7 

7.9 

8.1 

8.4 

8.6 

8.9 

9.3 

9.6 

Lower. - 

6.9 

6.9 

6.8 

6.8 

6.8 

6.8 

6.8 

6.9 

6.9 

7.0 

7.0 

7.1 

5_. 

-_Uppe^__ 

7.4 

7.5 

7.6 

7.8 

8.0 

8.2 

8.4 

8.7 

9.0 

9.3 

9.6 

9.9 

Lower.. 

7.2 

7.1 

7.1 

7.0 

7.0 

7.0 

7.1 

7.1 

7.1 

7.2 

7.3 

7.4 

6.- 

_.  Upper 

7.6 

7.7 

7.9 

8.1 

8.2 

8.5 

8.7 

9.0 

9.3 

9.6 

9.9 

10.3 

Lower.  . 

7.4 

7.4 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.4 

7.5 

7.5 

7.6 

7__ 

.  .Upper.  _ 

7.9 

8.0 

8.1 

8.3 

8.5 

8.7 

9.0 

9.3 

9.6 

9.9 

10.3 

10.6 

Lower 

7.7 

7.6 

7.6 

7.5 

7.5 

7.5 

7.5 

7.6 

7.6 

7.7 

7.8 

7.9 

8„ 

__  Upper.. 

8.1 

8.2 

8.4 

8.6 

8.8 

9.0 

9.3 

9.6 

9.9 

10.2 

10.6 

11.0 

Lower 

7.9 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.8 

7.9 

8.0 

8.0 

8.1 

9_. 

_  .Upper 

8.4 

8.5 

8.7 

8.9 

9.1 

9.3 

9.6 

9.9 

10.2 

10.5 

10.9 

11.3 

Lower.  . 

8.2 

8.1 

8.0 

8.0 

8.0 

8.0 

8.0 

8.1 

8.1 

8.2 

8.3 

8.4 

10. 

.  .Upper.  _ 

8.6 

8.8 

8.9 

9.1 

9.3 

9.6 

9.9 

10.2 

10.5 

10.9 

11.2 

11.7 

Lower.. 

8.4 

8.3 

8.3 

8.3 

8.2 

8.3 

8.3 

8.3 

8.4 

8.4 

8.5 

8.6 

11. 

_  .Upper.  . 

8.9 

9.0 

9.2 

9.4 

9.6 

9.9 

10.2 

10.5 

10.8 

11.2 

11.6 

12.0 

Lower.  _ 

8.7 

8.6 

8.5 

8.5 

8.5 

8.5 

8.5 

8.6 

8.6 

8.7 

8.8 

8.9 

12. 

.  .Upper.  _ 

9.1 

9.3 

9.5 

9.7 

9.9 

10.2 

10.4 

10.8 

11.1 

11.5 

11.9 

12.3 

Lower 

8.9 

8.8 

8^8 

8.7 

8.7 

8.7 

8.8 

8.8 

8.9 

8.9 

9.0 

9.1 

13 

__  Upper.. 

9.4 

9.5 

9.7 

9.9 

10.2 

10.4 

10.7 

11.1 

11.4 

11.8 

12.2 

12.7 

Lower  _  . 

9.1 

9.1 

9.0 

9.0 

9.0 

9.0 

9.0 

9.1 

9.1 

9.2 

9.3 

9.4 

14_ 

..  Upper  ._ 

9.6 

9.8 

10.0 

10.2 

10.4 

10.7 

11.0 

11.4 

11.7 

12.1 

12.6 

13.0 

Lower.. 

9.4 

9.3 

9.3 

9.2 

9.2 

9.2 

9.3 

9.3 

9.4 

9.4 

9.5 

9.6 

15. 

..Upper.. 

9.9 

10.0 

10.2 

10.5 

10.7 

11.0 

11.3 

11.7 

12.0 

12.5 

12.9 

13.4 

Lower.. 

9.6 

9.6 

9.5 

9.5 

9.5 

9.5 

9.5 

9.5 

9.6 

9.7 

9.8 

9.9 

16_ 

..Upper.. 

10.1 

10.3 

10.5 

10.7 

11.0 

11.3 

11.6 

12.0 

12.4 

12.8 

13.2 

13.7 

Lower.. 

9.9 

9.8 

9.7 

9.7 

9.7 

9.7 

9.7 

9.8 

9.9 

9.9 

10.0 

10.1 

17. 

..Upper.. 

10.4 

10.6 

10.7 

11.0 

11.3 

11.6 

11.9 

12.3 

12.7 

13.1 

13.6 

14.1 

Lower.. 

10.1 

10.0 

10.0 

10.0 

9.9 

10.0 

10.0 

10.0 

10.1 

10.2 

10.3 

10.4 

18. 

.  .Upper.  . 

10.6 

10.8 

11.0 

11.3 

11.5 

11.9 

12.2 

12.6 

13.0 

13.4 

13.9 

14.4 

Lower.. 

10.4 

10.3 

10.2 

10.2 

10.2 

10.2 

10.2 

10.3 

10.4 

10.4 

10.5 

10.6 

19. 

..Upper.. 

10.9 

11.1 

11.3 

11.5 

11.8 

12.1 

12.5 

12.9 

13.3 

13.7 

14.2 

14.7 

Lower .  . 

10.6 

10.5 

10.5 

10.4 

10.4 

10.4 

10.5 

10.5 

10.6 

10.7 

10.8 

10.9 

20. 

..Upper.. 

11.2 

11.3 

11.6 

11.8 

12.1 

12.4 

12.8 

13.2 

13.6 

14.1 

14.6 

15.1 

Lower.. 

10.9 

10.8 

10.7 

10.7 

10.7 

10.7 

10.7 

10.8 

10.8 

10.9 

11.0 

11.2 

1  In  case  the  width  of  12  feet  is  increased,  use  the  table  as  it  is  and  increase  horizontally  from 
the  slope  stake  the  additional  distance  required. 


176 


s 

2 

2 

2 

2 

2 

« 

2 

£SS§K8332SS£SS82g£g£38::gS3k8kSS 

s 

i 

833333555533399939959988985385 

i 

I 

SSasaaBBiBBSBBBaBBBBBSBBiiHSSB 

i 

EaS£ggB&B£BaaB5BBBaa8BBB838B8a 

5a8SBBB8BBBBBBB8SgaS3SBSSSS9BS 

1 

ggSSiSiliSIilSSiiliSIIiSiSSISS 

SHBSSBBHSSBBSsassss&Bsaaassa 

! 

1 

iiisiiisiisiisii§sssssgs§eiiii 

1 1  iii§iiiisiii§i§iiiiiiiisggsiig 

177 

1 


ill 
III 

ill 
P 

"! 


lift 

I 

II 
1111 
IIII 

Bin 
mi 


s 

a&sssssssssssgsssessssgs 

s 

© 

1  ggsassgssssssssssssssgsss 

s 

2 

SSSSSSSSSSSSSSSSSBSSSSSg 

S 

3 

3 

§ 

| 

388S58S83S8S§8S888sgss§§§ 

I 

1 

| 

     -  

1 

1 

IllglllSllIllillggglgsSS 

*  1 

1 

i 

§ 

gggiggggg§§SgSSlliS8§3§S 

I 

IllglllSslSllllllsllilil 

o 

§3 

llisiiiiilllliiiiiiililg 

•§  SIS 


1 


I 


y 
I 


il 

f!J 

BB 

il 


0*0 


-1' 


tttf 

ill! 

III 
mi 

1111 

Hi 
iii 


! 


178 


Table  25.— CONTENTS  OF  LUMBER 

[Number  of  board  feet  in  various  sizes,  for  lengths  given] 


Length  of  piece,  in  feet 


10 

12 

14 

16 

18 

20 

22 

24 

6% 

8 

9^3 

10% 

Id  ^3 

1  A  9Z 

14% 

16 

10 

12 

14 

16 

18 

20 

22 

24 

13^3 

16 

18% 

2V/i 

24 

26% 

29^3 

32 

16% 

20 

23^3 

26% 

30 

331/3 

36% 

40 

20 

24 

28 

32 

36 

40 

44 

48 

23^3 

28 

32% 

37  Yi 

42 

46% 

51% 

56 

26% 

32 

371/} 

42% 

48 

53  V3 

58% 

64 

15 

18 

21 

27 

30 

33 

36 

20 

24 

28 

32 

36 

40 

44 

48 

25 

30 

35 

40 

45 

50 

55 

60 

30 

36 

42 

48 

CA 

60 

66 

72 

35 

42 

49 

56 

63 

70 

77 

84 

40 

48 

56 

64 

72 

80 

88 

96 

13^ 

16 

18% 

211/3 

24 

26% 

29^3 

32 

20 

24 

28 

32 

36 

40 

44 

48 

26% 

32 

37ys 

42% 

48 

col  Z 

58% 

64 

33  Vz 

40 

46% 

53  XA 

60 

66% 

73  J-3 

80 

40 

48 

56 

64 

72 

80 

88 

96 

46% 

56 

65^3 

74% 

84 

93H 

102% 

112 

53/s 

64 

74% 

851/3 

96 

106% 

117^3 

128 

30 

36 

42 

48 

54 

60 

66 

72 

40 

48 

56 

64 

72 

80 

88 

96 

50 

60 

70 

80 

90 

100 

110 

120 

60 

72 

84 

96 

108 

120 

132 

144 

70 

84 

98 

112 

126 

140 

154 

168 

80 

96 

112 

128 

144 

160 

176 

192 

90 

108 

126 

144 

162 

180 

198 

216 

100 

120 

140 

160 

180 

200 

220 

240 

53^ 

64 

74% 

851/3 

96 

106% 

U7H 

128 

66% 

80 

93^ 

106% 

120 

133^3 

146% 

160 

80 

96 

112 

128 

144 

160 

176 

192 

93  M$ 

112 

130% 

149  V3 

168 

186% 

205^3 

224 

83  Ms 

100 

116% 

133^3 

150 

166% 

183  J/3 

200 

100 

120 

140 

160 

180 

200 

220 

240 

1162/3 

140 

1631/3 

186% 

210 

233^3 

256% 

280 

1331/3 

160 

186% 

213^3 

240 

266% 

2931/3 

320 

120 

144 

168 

192 

216 

240 

264 

288 

140 

168 

196 

224 

252 

280 

308 

336 

160 

192 

224 

256 

288 

320 

352 

384 

163^ 

196 

228% 

2611/s 

294 

326% 

359J,3 

392 

186% 

224 

261  ^ 

298% 

336 

373^3 

410% 

448 
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Table  26.— INCHES  CONVERTED  TO  DECIMALS  OF  A  FOOT 


<D 

w 

<yj 

0 

eg 
o 

Inch 

O 

o 

A 
C 

o 
o 

[V ! 

c 

o 
o 

is 
a 

o 
o 

XI 
d 

o 
o 

o 
G 

o 
o 

o 

0. 0000 

2 

0. 1667 

4 

0. 3333 

6 

0. 5000 

8 

0.  6667 

10 

0.8333 

^2 

.0026 

.1693 

.3359 

.5026 

.6693 

.8359 

Me 

%2 

.0052 
.0078 

.1719 
.1745 

.3385 
.3411 

.5052 
.5078 

.6719 
.6745 

.8385 
.8411 

l/& 

.0104 

H 

.1771 

M 

.3438 

M 

.5104 

H 

.6771 

H 

.8438 

5/%2 

.0130 

.1797 

.3464 

.5130 

.6797 

.8464 

Vl6 

.0156 

.1823 

.3490 

.5156 

.6823 

.8490 

7M 

.0182 

.1849 

.3516 

.5182 

.6849 

.8516 

.0208 

U 

.1875 

H 

.3542 

H 

.5208 

Y\ 

.6875 

.8542 

%2 

.0234 

.1901 

.3568 

.5234 

.6901 

.8568 

.0260 

.1927 

.3594 

.5260 

.6927 

.8594 

H^2 
/at 

.0286 

.1953 

.3620 

.5286 

.6953 

.8620 

.0313 

n 

.1979 

H 

.3646 

% 

.5313 

% 

.6979 

H 

.8646 

Vis 

/ID 

.0339 

.2005 

.3672 

.5339 

.7005 

.8672 

.0365 

.2031 

.3698 

.5365 

.7031 

.8698 

.0391 

.2057 

.3724 

.5391 

.7057 

.8724 

7* 

.0417 

.2083 

H 

.3750 

.5417 

H 

.7083 

72 

.8750 

17,^2 

.0443 

.2109 

.3776 

.5443 

.7109 

.8776 

g/l6 

.0469 

.2135 

.3802 

.5469 

.7135 

.8802 

l%2 

.0495 

.2161 

.3828 

.5495 

.7161 

.8828 

5A 

.0521 

yi 

.2188 

% 

.3854 

H 

.5521 

% 

.7188 

H 

.8854 

21/$2 

.0547 

.2214 

.3880 

.5547 

.7214 

.8880 

1Vl6 

.0573 

.2240 

.3906 

.5573 

.7240 

.8906 

23/32 

.0599 

.2266 

.3932 

.5599 

.7266 

.8932 

% 

.0625 

H 

.2292 

U 

.3958 

U 

.5625 

H 

.7292 

H 

.8958 

25/$2 

.0651 

.2318 

.3984 

.5651 

.7318 

.8984 

l%6 

.0677 

.2344 

.4010 

.5677 

.7344 

.9010 

2Vz2 

.0703 

.2370 

.4036 

.5703 

.7370 

.9036 

7A 

.0729 

7A 

.2396 

Vs 

.4063 

n 

.5729 

% 

.7396 

.9063 

2%2 

.0755 

.2422 

.4089 

.5755 

.7422 

.9089 

.0781 

.2448 

.4115 

.5781 

.7448 

.  9115 

Zl/Z2 

.0807 

.2474 

.4141 

.5807 

.7474 

.9141 

1 

.0833 

3 

.2500 

5 

.4167 

7 

.5833 

9 

.7500 

11 

.9167 

M2 

.0859 

.2526 

.4193 

.5859 

.7526 

.9193 

Vl6 

.0885 

.2552 

.4219 

.5885 

.7552 

.9219 

%2 

.0911 

.2578 

.4245 

.5911 

.7578 

.9245 

y8 

.0938 

M 

.2604 

M 

.4271 

% 

.5938 

H 

.7604 

yi 

.9271 

/■oil 

.0964 

.2630 

.4297 

.5964 

.7630 

.9297 

/ID 

.0990 

.2656 

.4323 

.5990 

.7656 

.9323 

VZ2 

.1016 

.2682 

.4349 

.6016 

.7682 

.9349 

M 

.1042 

M 

.2708 

W 

.4375 

H 

.6042 

H 

.7708 

H 

.9375 

9A2 

.1068 

.2734 

.4401 

.6068 

.7734 

.9401 

.1094 

.2760 

.4427 

.6094 

.7760 

.9427 

% 

.1120 

.2786 

.4453 

.6120 

.7786 

.9453 

/o 

.1146 

% 

.2813 

H 

.4479 

n 

.6146 

% 

.7813 

H 

.9479 

1^2 

.1172 

.2839 

.4505 

.6172 

.7839 

.9505 

/lo 

.1198 

.2865 

.4531 

.6198 

.7865 

.9531 

15/42 

.1224 

.2891 

.4557 

.6224 

.7891 

.9557 

/  & 

.1250 

H 

.2917 

.4583 

Yi 

.6250 

72 

.7917 

72 

.9583 

.1276 

.2943 

.4609 

.6276 

.7943 

.9609 

/Id 

f&l 

.1302 
.1328 

.2969 
.2995 

.4635 
.4661 

.6302 
.6328 

.7969 
.7995 

.9635 
.9661 

5/i 

.1354 

% 

.3021 

ryi 

.4688 

H 

.6354 

% 

.8021 

:>i 

.9688 

2U9 
/3Z 

.1380 

.3047 

.4714 

.6380 

.8047 

.9714 

J  He 

.1406 

.3073 

.4740 

.6406 

.8073 

.9740 

~^/i2 

.1432 

.3099 

.4766 

.6432 

.8099 

.9766 

% 

.1458 

U 

.3125 

H 

.4792 

% 

.6458 

H 

.8125 

H 

.9792 

2%2 

.1484 

.3151 

.4818 

.6484 

.8151 

.9818 

>M6 

.1510 

.3177 

.4844 

.6510 

.8177 

.9844 

2%2 

.1536 

.3203 

.4870 

.  6536 

.8203 

.9870 

7/* 

.1563 

U 

.3229 

H 

.  4896 

li 

.6563 

H" 

.8229 

H 

.  9896 

2%2 

!'Me 

.  1589 
.1615 

.  3255 
.3281 

.4922 
.4948 

.  6589 
.  6615 

.  8255 
.  8281 

1 

.  9922 
.9948 

3^2 

.1641 

.3307 

.4974 

.6641 

.8307 

.  9974 

ISO 


Table  27.— LINEAR  UNIT  EQUIVALENTS 


Linear  unit 

Inches 

Feet 

Yards 

Rods 

Miles 

Chains 

Links 

Meters 

1  inch  

1 

8. 33 

2.78 

5.  05 

1.578 

1.26 

0. 126 

2.  54 

X10-2 

X10-2 

X10-3 

X10-5 

XlO-s 

X10-2 

1  foot  

12 

1 

0.  333 

6. 06 

1.894 

1.515 

1.515 

.3048 

X10-2 

X10-4 

X10-2 

1  yard  

36 

3 

1 

0. 182 

5.  682 

4.  55 

4.  55 

.9144 

X10-4 

X10-2 

1  rod  

198 

16.5 

5.5 

1 

3. 125 

0. 25 

25 

5.03 

X10-3 

lmile.-     

63, 360 

5,280 

1,760 

320 

1 

80 

8,000 

1,609 

1  chain  .   

792 

66 

22 

4 

1.25 

1 

100 

20.1 

* 

X10-2 

1  link  

7.  92 

0.  66 

0.  22 

0.  04 

1.25 

.01 

1 

0.  201 

XlOr* 

1  meter  

39.37 

3.  281 

1.094 

1.99 

6.  214 

4.  97 

4.  97 

1 

xio-1 

X1(H 

X10-2 

Table  28.— AREA  EQUIVALENTS 


Area  unit 

Square 

Square 

Square 

Square 

Acres 

Square 

inches 

feet 

yards 

rods 

miles 

1  square  inch  

1 

6. 944 

7.  72 

2. 55 

1.596 

2.49 

X10-3 

xio-* 

X10-3 

xio-7 

X1<H0 

1  square  foot   ... 

144 

1 

0.  Ill 

3.  67 

2.30 

3.  59 

X10-3 

XIO"* 

XMH 

1  square  yard.  -   

1,296 

9 

1 

3.31 

2.  07 

3. 23 

X10-2 

XMH 

XHH 

1  square  rod  

3.  920 

272.  3 

30.  25 

1 

6.  25 

9.  77 

X10« 

X10-3 

xio-6 

1  acre  

6.  27 

43, 560 

4, 840 

160 

1 

1.563 

X106 

XIO"3 

1  square  mile...  .   . 

4.01 

2.788 

3.  098 

1.024 

640 

1 

X109 

X107 

X10« 

XIO5 
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Table  29.— VOLUME  EQUIVALENTS 


Volume  unit 

Cubic 
inches 

U.S. 
gallons 

Cubic 
feet 

Cubic 
yards 

Acre-feet 

1  cubic  inch..         ...     .  . 

1  U.S.  gaUon  

1  cubic  foot   ..   

1  cubic  yard   _ 

1  acre-foot...   

1 

231 
1,  728 
46,  656 
7.  53X10  7 

4.33X10-3 
1 

7.  48 
202.0 
325,  851 

5.  787X10-^ 
0. 1337 
1 
27 

43,  560 

2. 14X10-5 
4.95X10-3 
3.  70X10-2 
1 

1,613.3 

1.33X10-8 
3.07X10-6 
2.30X10"3 
6. 20X10-1 
1 

Table  30.— WEIGHT  EQUIVALENTS 


Weight  unit 

Ounces 

Pounds 

Tons 

Long  ton 

1  ounce                            -  --- 

1 

.0625 

3. 125  X10"5 

2.84X10-5 

1  pound                             _  _ 

16 

1 

5. 00X10-* 

4.  55X10-4 

1  ton  

32,  000 

2, 000 

1 

0.909 

1  long  ton  

35,  200 

2,  200 

1.100 

1 

Water  Weights  and  Conversion  Factors 

1  cubic  foot  weighs  62.4283  pounds. 

1  cubic  yard  weighs  1,685. 56  pounds. 

1  United  States  gallon  weighs  8.34545  pounds. 

1  United  States  gallon=231  cubic  inches. 

1  Imperial  gallon  weighs  10.022  pounds. 

1  Imperial  gallon =277.41  cubic  inches. 
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Table  31.— TIMBER  WEIGHTS 

[Pounds] 


Species 


Weight  per  1,000  feet  board  measure 


Logs 


Green, 
with 
bark, 

Scribner 
scale 


Lumber 


Rough 


Green 


Dry 
15  per- 
cent 
M-C-i 


Surfaced 


Green 


Dry, 
15  per- 
cent 
M-C-i 


HARDWOODS 

Average  

Ash,  white  

Aspen  

Beech,  American  

Birch,  yellow  

Cherry,  black  

Cottonwood,  black  

Elm,  rock  

Elm,  slippery  

Hickory  

Locust,  black  

Maple,  silver  

Maple,  sugar  

Oak,  red  

Oak,  white  

Poplar,  balsam  

Sweetgum  

Sycamore,  American  

Tupelo  

Walnut,  black  

Willow,  black  


12, 200 


SOFTWOODS  2 

Average  

Cedar,  Alaska  

Cedar,  Atlantic  white  

Cedar,  Western  red  

Douglas  fir,  coast  

Douglas  fir,  intermediate  

Douglas  fir,  Rocky  Mountain. 

Fir,  balsam  

Hemlock  

Larch,  western  

Pine,  eastern  white  

Pine,  jack  

Pine,  loblolly  

Pine,  lodgepole  

Pine,  longleaf  

Pine,  pitch  

Pine,  ponderosa  

Pine,  red  

Pine,  shortleaf  

Pine,  slash  

Pine,  sugar  

Pine,  western  white  

Redwood,  old  growth  

Spruce,  black  and  red  

Spruce,  Engelmann  

Spruce,  white  


10, 100 


4, 350 
3, 500 
5, 000 
4, 920 
4,110 
4, 100 
4, 700 
4, 700 
5,400 
4, 850 
4, 000 
5, 250 
5,260 
5,  480 
4,080 
4, 200 
4,  350 


4, 970 
4.200 


3, 000 
3, 000 
3, 200 
2, 950 


3, 740 
4,  500 


3, 640 
4, 140 
4, 500 

3,  300 
4,250 

4,  500 
3,900 
3, 600 
4,  250 
4,700 
4, 250 
2, 920 
4,500 
3, 750 
3,300 
3, 910 


3, 560 
2, 250 
3, 690 
3, 620 
3, 010 
2,  040 
3, 680 
3, 150 
3,910 
4, 080 
2, 820 
3,710 
3, 700 
3, 900 
1,930 
3, 030 
2, 970 
2, 970 
3, 220 
2, 300 


3, 190 
2, 580 
3, 680 
3, 580 
3, 000 
3, 000 
3, 450 
3, 450 
4, 150 
3, 560 
3, 120 

3,  850 
3, 850 

4,  050 
2, 990 
3, 080 
3, 190 

~3,~700" 
3,080 


2, 630 
1,980 
1,980 
2, 860 
2, 650 
2, 540 
2, 240 
2,420 
3, 280 
2, 120 
2, 520 
3,020 
2,465 
3,470 
2,910 
2, 490 
2, 620 
2, 970 
3, 660 
2, 170 
2,  330 
2, 380 
2, 380 
2, 010 
2,  054 


2, 200 
2, 200 
2, 340 

2,  220 


2, 740 
3,300 


2, 660 
3, 040 
3,300 
2,420 
3, 120 
3,300 
2, 860 
2,  700 
3, 120 
3,450 
3, 120 
2, 140 
3, 300 
2, 760 
2,  460 
2, 860 


2, 610 
1,655 
2,  700 
2,  650 
2,  200 
1,490 
2,  700 
2,  310 
3, 010 
2,990 
2,  070 
2,  720 
2,710 
2, 860 
1,410 
2, 220 
2, 180 
2, 180 
2, 360 
1,680 


1,930 
1,450 
1,450 
2,090 
2,  020 
1,860 
1,640 
1,770 
2, 400 
1,550 
1,850 
2,210 
1,890 
2, 540 
2, 130 
1,920 
1,920 
2, 180 
2, 680 
1,590 
1,710 
1,740 
1,750 
1,535 
1.790 


1  Moisture  content. 

2  In  estimating  weight  of  logs  or  cordwood,  use  the  average  weight  shown  for  any  hardwood 
or  softwood,  respectively. 

Note:  The  timber  weights  given  in  this  table  are  averages,  for  rough  approximation  of 
loads.  For  more  precise  information  see  the  Wood  Handbook,  U.S.D.A.  Agr.  Hdbk.  No.  72. 
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Weight  of  Common  Materials 

Weight 
per 
cubic 
foot, 

pounds 

Brick  (common  building)   125 

Cement  (Portland)   75-90 

Concrete  1:2:4 mix  (gravel)   152 

Concrete  1:3:6  mix  .   147 

Earth: 

Common,  loose,  and  dry   70 

Common,  moist,  and  rammed   100 

Sand  or  gravel,  loose  and  dry   100 

Sand  or  gravel,  wet   120 

Masonry: 

Mortar  rubble   155 

Dry  rubble   125 

Crushed  gravel  95-104 

Crushed  granite   90 

Crushed  limestone   94 

Table  32.— WIRE  NAILS  AND  STAPLES 


Size 


2-  penny. 

3-  penny. 

4-  penny. 

5-  penny. 

6-  penny. 

7-  penny. 

8-  penny. 

9-  penny. 

10-  penny 
12-penny 
16-penny 


Length 


Inches 
1 

IK 

iy2 

9 

2V2 
2% 
3 


Number 

per 
pound 


900 
615 
322 
250 
200 
154 
106 
85 
74 
57 
46 


Size 


20-penny. 
30-penny. 
40-penny. 
50-penny. 
60-penny. 
70-penny. 
80-penny. 
90-penny; 
100-penny 
120-penny 


Length 


Number 

per 
pound 


Inches 

4 

29 

23 

5 

17 

5M 

133^ 

6 

10M 

7 

7 

8 
9 

6 
5 

10 

4 

12 

3 

FENCE  STAPLES 


Size 

Number 
per  pound 

Size 

Number 
per  pound 

Size 

Number 
per  pound 

1  inch  

108 

inches..   

87 

IH  inches  

65 

\\i  inches  . 

96 

1H  inches.  

72 

58 

NAILS  REQUIRED  FOR  DIFFERENT  KINDS  OF  WORK 

For  1,000  shingles,  4  to  5  pounds  of  fourpenny  nails,  or  3  to  3H  pounds  of  threepenny. 
For  1,000  laths,  about  8  pounds  of  twopenny  fine. 
For  1,000  clapboards,  about  20  pounds  of  sixpenny. 

For  1,000  feet  covering  boards,  about  20  pounds  of  eightpenny,  or  25  pounds  of  tenpenny. 
For  1,000  feet  upper  floors,  square  edge,  about  38  pounds  of  tenpenny,  or  41  pounds  of  twelve- 
penny. 

For  1,000  feet  upper  floors,  matched  and  blind-nailed,  38  pounds  of  tenpenny,  or  42  pounds 
of  twelvepenny. 
For  1,000  feet  1  by  3,  about  45  pounds  of  tenpenny. 
For  1,000  feet  1  by  2,  about  65  pounds  of  tenpenny . 
For  1,000  feet  pine  finish,  about  30  pounds  of  eightpenny. 
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Table  33.— UNCOATED  STEEL  SHEETS  AND  LIGHT  PLATES: 
U.S.  STANDARD  GAGE,  WEIGHT,  AND  THICKNESS 


Gage  No. 


3 
4 

5 
6 
7. 
8 
9 

10. 
11 
12. 
13 
14 
15 
16 
17. 
18 
19. 
20 


Weight 


oz./sq.  ft. 
160 
150 
140 
130 
120 
110 
100 
90 
80 
70 
60 
50 
45 
40 
36 
32 
28 
24 


Approx. 
Thickness 


Inch 
0. 2391 
.2242 
.2092 
.1943 
.1793 
.1644 
.1495 
.1345 
.1196 
.1046 
.0897 
.0747 
.0673 
.0598 
.0538 
.0478 
.0418 
.0359 


Gage  No. 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 


Weight 


oz./sq.  ft. 
22 
20 
18 
16 
14 
12 
11 
10 

9 

8 

7 

6.5 
6 

5.5 
5 

4.5 
4. 25 
4 


Approx. 
Thickness 


Inch 
0. 0329 
.0299 
.0269 
.0239 
.0209 
.0179 
.0164 
.0149 
.0135 
.0120 
.0105 
.0097 
.0090 
.0082 
.0075 
.0067 
.0064 
.0060 
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